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A.

CONFCMAL COATINGS FOR

PRINTED CIRCUIT ASSEMBLIES

Second Quarterly Report for the period of Nov. 1, 1961

to January 30, 1962.

Objective: Phase A: Evaluate cokercially available conformal coating
materials used as protective coatings on printed circuit
boards in order to obtain data for the preparation of a
three services coordinated military specification which will
provide sufficient physical, mechanical and electrical
properties to assure satisfactory performance of printed
circuit assemblies over long storage periods and under high
humidity conditions.

Phase B: Investigate a method of removing the coating from
the board to permit replacement of parts when necessary
without impairing the functional operations of the unit.

Phase C: Evaluate, for possible upgrading purposes, allow-
able minimum spacings between conductors on uncoated and
coated boards as described in paragraphs 5.1.5 of MIL-STD-
275A.
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PURPOSE

The purpose of this project is to evaluate commercially available conformal
coating materials used as protective coatings on printed circuit boards in
order to obtain data for the preparation of a three services coordinated
military specification which will provide sufficient physical, mechanical,
and electrical properties to assure satisfactory performance of printed
circuit assemblies over long storage periods and under high humidity
conditions.

In this report, the tasks are defined as follows: -

Task A

Investigation of epoxy resin conformpl coatings on XXXP, glass-
epoxy and paper-epoxy copper clad laminate series specified in
MIL-P-139h9B and PR & C 61-SDISA-482.

Phase I Two-part epoxy resin coating systems

Part 1 Characteristics of epoxy resin coatings studied.

Part 2 Curing Schedule.

Phase 2 Test Panels used.

Phase 3 Precoatir•g P•r••aration of !urface

Part 1 Cleaning.

Part 2 Soldering.

Phase 4Method of Coating Application

Phase 5 Physical and Electrical Properties of
Epoxy Resin Coating Systems.

Part 1 Appearance and Adhesion.

Part 2 Thickness measurements.

Part 3 Dielectric Constant and Dissipation Factor
of disc specimens.

Part 4 Dissipation Factor and Q-Factor of coated test panels.

Part 5 Dielectric Withstanding Voltage (initial).

Part 6 Thermal cycling.

Part 7 Dielectric 'ftthstanding Voltage (after thermal cycling).
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PURPOSE
(Continued)

Part 8 Insulation resistance and appearance under
moisture conditions.

Part 9 Dielectric Withstanding Voltage (after moisture test).

Part 10 Abrasion Resistance.

"Part 11 Raiggedization.

Part 12 Flexibility.

Task B

Investigation of polyurethane resin conformal coatings on XXXP
and glass-epoxy, copper-clad laminate series specified in MIL-P-
13949B and me & C 61-,DISA-482.

Phases 1 - 5 The same as Task A where application is feasible.

Task C

Investigation of Silicone-based polymer coatings on glass-epoxy and
silicone-glass copper-clad laminate series specified in MIL-P-13949B.

Phases 1 - 5 The same as Task A where application is feasible.

Task D

Investigation of fluorinated resin (FEP) based polymers on teflon-
glass and FEP copper-clad laminates per MIL-P-1394i9B and MIL-P-
27538 respectively.

Phases 1 - 5 The same as Task A where application is feasible.

Task E

Investigation of melamine coatings on glass-melamine copper-clad
laminate.

Phases 1 - 5 The same as Task A where application is feasible.

Task F

Investigation of MIL-V-173 varnishes on glass-epoxy, XXXP and
paper-epoxy laminates per MIL-P-13949B.

Phases 1 - 5 The same as Task A where application is feasible.

-2-



ABSTRACT

Task A

Investigation of epoxy resin conformal coatings on XXXP, glass-epoxy,
and paper-epoxy copper clad laminate series specified in MIL-P-13949B
and PR & C 61-SIMsA-482.

Phase 5 Physical and Electrical Properties of Epoxy Resin Coating System

Part 3 Dielectric Constant, Dissipation Factor, and Q Factor

Two-inch-disc specimens were prepared in a similar method described
in paragraph 4.3 of MIL-I-16923C. The dielectric constant, dissi-
pation factor and Q Factor of the disc specimens were measured at
1, 3, 6.25, 30, 50, 75, and 100 mc using the resonance-rise method
described in ASTM-D-150. It was found that as the frequency increases
the dielectric constant decreases. On the other hand, as the frequency
increases, the dissipation factor decreases to a minimum between 30 and
50 mc and then increases from 50 to 100 mc.

Part 4 Q Factor and Dissipation Factor of the coated test panels.

The dissipation factor and Q value of the coating was determined,
using Specimen X, at 1, 50 and 100 mc by calculating the relative
differences of the coated and uncoated boards. It was found that
the Q value and dissipation factor changed with increasing frequency
and followed the same pattern described in part 3. However at 100 mc,
the dissipation factor of epoxy-paper and XXXP is high so that a true
Q value and dissipation factor of the coating cannot be readily determined.

Part 6 Thermal Cycling

All epoxy specimens passed five cycles of thermal cycling without
any visible deterioration of the coating, printed conductors or base
materials.

Part 7 Dielectric Withstanding Voltage, after thermal cycling

All epoxy specimens passed the tests specified in paragraph 4.7.8
of MIL-P-55110 and paragraph 4.4.3.2 of SCL-6225.

Part 8 Insulation Resistance, under moisture conditions

All epoxy specimens passed the minimum resistance values of 1.0 X 108
ohms.after ten cycles of humidity. I'However when examined for corrosion
of conductors only epoxies C, F and I passed. The other five epoxies
exhibited copper conductor corrosion to various degrees.

Part 9 Dielectric Withstanding Voltage , after moisture resistance

All epoxy specimens, except epoxy G, passed the tests specified in
para. 4.7.8 of MIL-P-55110 and para. 14..4.3.2 of SCL-6225.
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AINMACT
(Continued)

Task B

InviE.igation of polyurethane resin conformal coatings on XXXP, glass-
epoxy and paper-epoxy, copper clad laminate series specified in MML-P-
13fl•5t3 and PR & C 61-SI14SA-h82.

Phase 5 Physical and Electrical Properties of Polyurethane Resin

Coating Systems

Part 3 Dielectric Constant, Dissipation Factor & Q Factor

Two inch disc specimens were prepared from a mold shown in Table X
in the Appendix. This spacing was used because of the low solids
content of the polyurethane resin coating systems. Difficulty was
encountered when mcasuring the dielectric constant and dissipation
factor at 100 mc because of the uiigh capacity of the two inch disc
specimens. When a thicker disc specimen was cast, it was found not
to cure fully because of solvent entrapment.

Part 4 Q-Factor and Dissipation Factor of the Coated test panels

The dissipation factor and Q value of the coating was determined,
using Specimen X, at 1, 50, and 100 mc by calculating the relative
differcscco of the coated and uncoated boards. It was found that
the Q value and dissipation factor changed with increasing frequency
and followed the same pattern described in Part 3 of Task A. Howe-er,
at 1CO mc, the dissipation factor of epoxy-paper and XXXP is high so
that a true Q value and dissipation factor of the coating cannot be
readily determined.

Part 6 Thermal Cycling

All polyurethane specimens 1'esred five cycles of thermal cycling
wi thout -!ny visiblc drterioration of the coating, printcd conductcr,
or base materials.

Part 7 Dielectric Iithst,.nding Voltage, after thermal cycling

All polyurethane specimens passed the tests specified in paragraph
4.7.8 of MiL-P-55110 and paragraph 4.4.3.2 of SGL-6225.

Part 3 insulation Resistance, under moisture conditions

All polyyrethane specimens paissed the minimum resistance values of
iO X 100 ohms after ten cycles of humidity. However when examined
for corrosion of conductors only polyurethanes ITH, jG, BB & AA passed.
The other polyurethane exhibited copper corrosion to various degrees.
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ABSTACT
(Continued)

4 Task C

Investigation of silicone-based polymer coatings on glass-epoxy

copper clad laminate series specified in ML-P-13949B.

Phase 1 Silicone base polymer coatings

Part 1 Characteristics of silicone-base polymer coatings

Two silicone-based polymer coating for printed circuits were
obtained from two manufacturers. These two coatings met the re-
quirements of para. 2b of PR & C 61-SIMSA-482. The two coatings
were of the two component type.

Part 2 Curing Schedule

All silicone coatings were cured at 10000 for 2 hours.

Phase 2 Test Panels Used

Same as discussed in Phase 2 of Task A of Abstract.

Phase 3 Precoating Preparation of Surface

Part 1 Cleaning

Same as discussed in Phase 3 of Task A of Abstract.

Phase 4 Method of coating application

All specimen panels were brush coated.

Phase 5 Physical & Electrical properties of silicone-based polymer coating

A visual check of the two coatings revealed one of the coatings wrinkled
after the curing cycle and was rejected from further testing. However
the other coating showed no evidence of blistering, wrinkling, cracking
and peeling of coating and no corrosion of printed conductors. Both
coatings exhibited good adhesion to specimen test panels.

1.Part 2 Thickness measurements

All specimen test panels were coated to a thickness of 0.012 + 0.007 inches.

1. Part 8 Insulation Resistance and appearancr under moisture resistance
conditions

The coating passed the minimum requirements of 1.0 X 108 ohms. However
when examined visually there was evidence of copper corrosion.

t_
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I On November 15 & 16, 1961, the writer visited the Research Laboratories
of Minnesota ?Ining & Mfg. Corp. in St. Paulo Minnesota, to obtain data an
the effect of epoxy coatings on printed wiring boards and means of repairing
them.

1.
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11 FACTUAL DATA

U Phase 1 Two part epoxy resin coating systems

Part 3 Dielectric Constant, Dissipation Factor and Q Factor

(a) Mold - The epoxy coating specimens were cast in a mold similar
to one described in paragraph 4.3.1 of MIL-I-16923C except that
glass plates were substituted for highly polished steel plates.
The size of the cast sheet made was 5 X 5 inches.

(b) 2 inch disc specimen - The mold described in part 3(a) was heated
to 75 0 C,, The epoxy coating was mixed according to the manufacturers
recomzendations, deaired for 10 minutes and poured into the mold.
During the pouring process care was taken to avoid the entrapping
of air into the material. The coating material was cured at 750C
for 2 hours. A two inch disc was cut from the cast sheet and the
thickness of the specimen was measured with a Micrometer to ensure
that the two surfaces were parallel to within + 0.001 inch. The
two inch discs were measured at 1, 3, 6.25, 307 50s 75 and 100
megacycles.

(c) Procedure - The procedure used for measuring dielectric constant
and disiipation factor is similar to the one described in ASTM-
D-150. In testing these coatings, the resonance rise method
was used in conjunction with a micrometer - electrode system.

For frequencies from 20 to 100 mc, Boonton Radio Co. Model 190-A
Q - meter Serial No. 1195 was used.

For frequencies below 20 mc, a Boonton Radio Co. Model 260-A
Q - meter Serial No. 159 was used. The micrometer - electrode
system used was manufactured by General Radio Co. Type 1690
Dielectric Sample Holder Serial No. 472.

The procedure for determining the dielectric constant dissipation
factor and Q factor of the coatings is as follows: -

(1) Insert 2 inch disc specimen in between electrode plates
of Dielectric Sample Holder and screw top electrode down
until it is in contact with specimen.

(2) Resonate Q-meter circuit and note readings C, on capacitance
dial and Qi reading on voltmeter scale and spacing of
electrodes (tl).

(3) Remove specimen from holder and resonate Q-meter circuit again
by bringing electrodes closer together. Record new spacing
(t 2 ) and new Q2 reading.

1..7
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FACTUJAL DATA
(Continued)

For a 2 inch specimen the unknown capacity (Cx) is

Cx a C2 +AC 2 - AC (Eq.l)

where C2 x geometric air capacitance for spacing (t 2 )

C a: geometric air capacitance for spacing (t,)

A C2 z correction for setting (t2) (correction factor
for dielectric sample holder)

C, - correction for setting (tI) (correction factor
for dielectric sample holder)

The geometric air capacitance (c) for 2 inch disc specimen is obtained
from the following formula:

C a 7 (t a mils or thousands of an inch)

The dielectric constant (K) is calculated as follows: -

K (Eq. 2)

CI

The Q factor of the coating (Qx) is calculated as follows: -

x = 1( q . 3 )
(Q2- Ql) CC

From this the dissipation factor (Dx) ist -

Dx a1C: (Eq. 4~)

The dielectric constant and dissipation factor data and graphs for

epoxy coating systems appear in the Appendix Table V thru Table VIII.

Part 4 Q-Factor and Dissipation Factor of the coated panels

The Q factor and dissipation factor was determined on the control
specimen and coated panels at 1, 50 and 100 mc. These tests wereL run on Specimen X in lieu of Specimen Y because at higher "requen-
cies, the lead length begins to introduce appreciable error due to
lead inductance. Because of this effect, we wanted to keep our lead
length from the specimen to the measuring instrument as short as
possible so as to reduce this measurement error.

L
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ii FACTUAL DATA( Co nti nused)

The procedure used for determining these factors is as fol.owes

1 i(1) Resonate Q ater without specimen and note Q2 (Voltmeter
Readings) and C2 reading.,

(2) Place test specimen in Q meter circuit and resonate

circuit again and note QI and 01 readings.

(3) Calculate QX of coating as followes -

Q 1 : Ql Q2 (C 2 -C 1 )
S~(F4. 5)

(Q2- Q I) Cl

The dissipation factor can be calculated by using (Eq. 4)

The relative change in the Q of the coating is calculated
as follows: -

Qx (of coating) ( of uncoated coated\
pon elboard /board ] (Eq. 6)

The data for these above mentioned readings is listed in
Appendix, Table IX.

1.9



Ii FAC'DJAL DATA
(Continued)

Part 6 Temperature Cycling

The epoxy test specimens were subjected to five cycles, of
temperature cycling test described in Method 102A, Cond. D
of MIL-STD-202.

Part 7 Dielectric Withstanding Voltage, after thermal cycling
All dielectric withstanding voltage tests were made on a Motorola

built - Breakdown tester TE-8359 with output from 0 to 3000 v AC
at 60 cpe. Specimen X was electrified at 1500 V AC for 30 seconds
and Specimen Y electrified at 1000 V AC for 1 minute.

Part 8 Insulation Resistance under moisture conditions

The epoxy specimens were subjected to 14 cycles of humidity according
to Method 106 of MIL-STD-202. During the humidity cycling, 100 volts
DC was applied to Specimen Y and 500 volts applied to specimen X.
Insulation resistance measurements were taken initially and after the
first, fifth, seventh, tenth and fourteenth cycles in accordance with
Method 301 of MIL-STD-302. Prior to measurement, Specimen Y test
patterns were electrified for one minute st 100 volts and specimen X
test patterns were electrified at 500 volts for one minute. Insulation
resistance measurements were taken with the test specimens maintained
at 25 0 C and 90-95% relative humidity. A photograph of the test set-up
is shown in the Appendix, p. xvii and the measurements are shown in the
Appendix, Page xix.

Part 9 Dielectric .Iithstanding Voltage, after moisture resistance

All dielectric withstanding voltage tests were made on a Motorola
built - Breakdown tester TE-8359 with output from 0 to 3000 v AC
at 60 cps. Specimen X was electrified at 1500 V AC for 30 seconds
and specimen Y electrified at 1000 V AC for 1 minute.

Task 11

Invefti•-ation of polyarethane resin conformal coatings on XXHU, glass-epoxy
and papk i-epoxy, copper clad laminate series specified in .I L-P-13949B and
PR & C 61-SImSA-482.

Phase 5 Physical and Electrical Properties of polyurethane resin
coating systems

Part 3 Dielectric Constant, Dissipation Factor and Q-Factor

(a) Mold

L. Since the urethane coating systems investigated are of the
solvent type, the apparatus discussed in paragraph 4.3.1 of
MIL-I-16923C could not be used. We cast films of these
coatings, using an apparatus described below and pictured
in the Appendix Table XI.



FACTUAL DATA
(Continued)

ii A teflon sheet which had one side etched was bonded to a
sheet of lucite to ensure flatness of the teflon. The edges
were built up with layers of masking tape so as to confineii the liquid urethane into a certain area. In this manner a
film having a thickness of 0.015 to 0.020 inches could be
obtained.

(b) Two inch disc specimen

Throe coating material was mixed according to the manufacturers
instruction and poured into the mold d -4v-" 0.1.rA. 7%$b
resultant coatings were cured for seven days prior to cutting
into two inch discs.

Wc) Procedure

The procedure for measuring, the dissipation factor, dielectric
constant and Q factor is similar to one described in section C,
part 3, phase 5 of Task A.

However when measuring the two inch disc specimens at the hither
frequencies, the capacity of the specimens was too high to get
an accurate measurement.

Part 4 Q-Factor and dissiýation factor of the coated test panels

The Q factor and dissipation factor of the coated boards was
determined using the same procedure outlined in section d of parts
3 and 4, Phase 5 of Task A in the Factual Data.

Part 5 Temperature Cycling

The polyurethane test specimens were subjected to five cycles of
temperature cycling test described in Method 1O2A, Cond. D of
MIL-STD-202.

Part 7 Dielectric Withstanding Voltage, after thermal cycling

Procedure is similar to one outlined in part 7 of phase 5,
Task A of the Factual Data.

Part 8 Insulation Resistance, under moisture conditions

The procedure described in part 8, phase 5 of Task A was followed.

Part 9 Dielectric Withstanding Voltage, after moisture resistance

. •Procedure followed is similar to one outlined in part 4, phase 5 of
Task B.

Task C

Investigation of silicone-based polymers on glass-epoxy copper-clad laminate
series specified in MLT-P-13949B.



[I FACTUAL DATA
(Continued)

I'
Phase 1 Silicone-based polymer coatings

I[ Part 1 Characteristios of ,ilicone-based polymer coating

Two manufacturers of commercially advertised silicone resin
coatings for printed circuit boards were contacted and samples
of their coatings were received. One coating was of the eilicone-
phenolic type whereas the other was of the unmodified type. Both
coating system require addition of catalysts to facilitate curing.
Both coating system can be applied by brushing# dipping or spraing.
Both coatings were transparent when fully cured and were also fungus
resistant.

Part 2 Curing Schedule

TI1 The two coating systems were cured at 1000 C for 2 hours.

Phase 2 Test Panels Used

h• The test panels used for evaluating these coatings were

(a) Comb pattern (Specimen Y) fabricated in accordance
with Figure 1 and paragraph 4.4.1 of SCL-6225.

(b) Two parallel lines pattern (Specimen X) fabricated
in accordance with Figure 1, note 7 of HIL-P-55110.

A diagram of these test patterns appears in the Appendix, Table III
"at the end of this report.

The test panels were prepared on the following copper-clad laminates,
0.062 inches thick, copper-one side with one and two ounces:

Type GE - Epoxy resin - glass fabric base
Type GB - Epoxy resin - glass fabric base, general

j purpose, temperature resistant
-- Type GF - Epoxy resin - glass fabric, flame retardent

For each silicone coating, six test panels consisting of 1 ox. and 2 oz.

copper were prepared from the follcwing laminates:

Spec. X
Laminate 1 oz. Cu. 2 os. Cu. 1 oz. O os. Cu.

Type GE 3 3 3 3
Type OB 3 3 3 3
Type GF 3 3 3 3
Uncoated (control 1 1 1 1
pattern each laminate)



II ~FACOM DATA~
(Continued)

SPMhe 3 Proating prarat.on of Sur•f•c

Parts I & 2 Cleaninit and Solderin

The following cleaning technique is outlined to eliminate a nearly
as possible all surface contaminates that would tend to cause corrosion.
Panels are prepared for testing using, the following cleaning methodsa

(a) The etched side of the boards are abraded with a fine grade
1• of steel woo0l.

(b) The leads are soldered to the terminal points using
60 - 4s rosin core solder.

(c) The soldered boards are scrubbed in isopropyl alcohol
l to remove the rosin flux and other contaminants.

Phase I4 Method of Coating AppLication

L All test specimens were brush coated.

Phase 5 Physical and Electrioal Properties of Silicone Rosin Coating Systemg
I
1... Part 1 Adhesion and Appearance

After the specimen panels were coated, they were visually examined
for blistering,, wrinkling, cracking an peeling of the coating and
corrosion of the conductors.

Part 2 Thickness Measurements

All specimen test paneln were coated to a thickness of 0.012 + 0.007
inches,

-13-
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Task A and B

Investigation of epoxy resin and polyurethane conformal coatings on XXXPj
glase-sepoxy and paper-epoxy copper-clad laminate series specified in HIL-
P-13949B and PR & C 61-SIMSA-482.

Phase 5 Physical and Electrical Properties of Eboxy and polyurethaneh• resin coating systems

Part 3 Dielectric Constant and Dissipation Factor & Q Factor for
epoxy resin coatin

The dielectric constant drops as the frequency increases from
1 to 100 mc. On the other hand, the dissipation factor at 1 me
begins at one value and then drops until the frequency reaches
30 mc. and then begins to rise to 100 mc. This observation
agrees with Murphy and Morgan (1).

'the changes in the dielectric constant and dissipation factor
with frequency are produced by the dielectric polarization
which exist in the material. The two most important polarizations,
caused by various constituents which make up the particular formu-
lation, are (1) dipole polarization due to polar molecules - this
effect becomes more noticeable in the higher frequency ranges and
(2) interfacial polarization - this effect is seen at the lower
frequency spectrum. Each polarization furnishes a maximum of
value of dissipation factor, The frequency at which this maximum
loss occurs is called the relaxation frequency for that polarization.

.- It is also the frequency at which the dielectric constant is increasing
at its greatest rate. From Table VI and VIII as the frequency approaches
1 mc, the dielectric constant and dissipation factor beginr to increase
in value. This means that below 1 mc, there is a relaxation frequency
for epoxy materials.

Part 6 Q-Factor and Dissipation Factor of the Coated Boards

The following conclusions are drawn from a statistical analysis of
the data for epoxy coated boards:

(1) An analysis of variance showed that the laminate and the
resin were significantly different. These comparisons
were made at specific measured frequency. The highest
Q values were obtained with the glass-epoxy laminates as
compared to the paper-base materials. The following
table summarizes the Q values at the test frequenciest

Frequencies

Rating lmc £me 00m

Best GB GB OB,OE & OF

Next OF OF & 0E

Worst OR XXXP, LXXXP & XXXP, EXXXP
& hxxxP nxP

(1) Murphy and Morgan, "The Dielectric Properties of Insulating Materials
Bell System Technical Journal Vl 16, October 1937 p.p. 493 - 512.OMAN so



Ii CONOLUSION
(continued)

(2) The Q values decrease as the frequency increases for the
coated and uncoated boards. The change from 1 to 50 mc. and
from 50 to 100 me. is approximately equal indicating an
approximate linear relationship within the limits of 1 to
100 mc.

(3) The Q values were lower fob the coated boards than for the
uncoated ones. The variability was the same.

(4) The rank of the laminates for the uncoated boards were similar
to that of the coated laminateej, namely CB, C and CE followed
by XXXP And IflIP.

(5) From the data, epoxy F is rated the best coating followed by
epoxies C and H.

(6) The data indicates that there may be a decrease of Q with an
increase in thickness. This relation is apparent in the I and
lOOmc. data but not in the 50mc. data. This relationship may
be curvilinear but a full scale test would be necessary to
evaluate this.

Part 7 aelectric Withstanding Voltage, after thermal cycling.

All epoxy and polyurethane specimens passed the dielectric withstanding
voltage tests specified in paragraph 4.7.8. of MIL-P-55110 and

*. paragraph 4.4.3.2. of SCL-6225.

Part 8 Insulation Resistance and Appearance under moisture conditions

All epoxy and polyurethane coatings, after fourteen cycles of humidity,
passed the minimum resistance values of 1.0 I 100 ohms specified in
SCL-6225. However, when the test panels were examined for corrosion of
conductors, only epoxies C, F and I passed. The other five epoxies
exhibited copper conductor corrosion to various degrees.

On the corroded test panels, an interesting observation was noted. The
"hot"' conductor on both specimen X and Y were corroded whereas the ground
conductor showed no evidence of corrosion. This corrosion occured probably
between 0 and 1 cycle under humidity. This is evidenced by I drop in the
insulation resistance value of the order of magnitude of 10 to 10
depending on the degree of corrosion present. After this initial insulation
resistance drop, the insulation resistance value increases to a maximum

L. and then decreases as the number of humidity cycles increases.

I1I.



(Continued)

We have postulated the following theory, to possibly explain
this phenomenon. Between 0 and l1t humidity cycles the coating
absorbs moisture which tends to hydrolyze the constituents in
the epoxy formula. A voltage applied to this coating accelerates
this hydrolysis reaction which causes a breakdown of the coating
in the vicinity of the "hot" conductors. This breakdown causes the
lE drop seen after the let cycle. The products of the hydrolysis
reaction corrode the copper conductors. As the water absorbed by
the coating is used up in the hydrolysis reaction, the 1R value
increases to a maximum and then decreases as more water is generally
absorbed by the coating.

A coating that does not corrode the copper conductor when a voltage
stress is applied will show an increase or no change in the 1R value
at the first cycle and then decrease as the number of humidity cycles
increases. Typical plots of corroded and uncorroded test panels are
shown in the Appendix, p. xxxv.

We feel from these results that we have a quick and economical test
to determine the corrosion resistance of a coating under humidity.

Other conclusions drawn from this experiment are as follows:

(1) Do the test results for test patterns X and Y exhibit
the same degree of variability?

The following table summarizes the average ranges in
logarithms for the two patterns and two types of coatings.

# of samples Average range readings # of samples Average range readings

Epoxy 190 0.289 200 0.264

Polyurethane 148 0.461 150 0.263

The only odd value was that obtained using pattern Y
on the polyurethanes or more variability was obtained
using pattern Y on polyurethanes. With the epoxy the
two test patterns have equvalent variability. These
conclusions are drawn at a significant level of 99.9%.
From this analysis, Pattern X should be used more
extensively in lieu of Pattern Y.

The test results of test patterns X and Y are correlated.
A correlation coefficient of .765 was obtained which shows
correlation at a level of reliability of better than 99.9%.

-.1
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(2) What effect does thickness of coating have on the
insulation resistance value under humidity?

Only the epoxies were evaluated for this parameter.
It was determined that when a 100% solids coating
was used such as epoxy ACD,E, the insulation reeos-
tance increases with increasing thickness. However for
solvent-based epoxy coatings such as FGH, & Is the
insulation resistance decreases with increasing thickness.

A plausible explanation for this effect, is that there
is probably solvent trapped in the cured coating which
is not easily evaporated in a thicker coating an in a
thinner coating. When exposed to humidity, the trapped
solvent absorbs water more readily then the coating
thereby causing the insulation resistance value to drop.

Part 9 Dielectric Withstanding Voltage, after moisture resistance

All epoxy and polyurethane specimens passed the dielectric with-
standing voltage tests specified in paragraph 4.7.8 of MIL-P-S5110
and paragraph i.1.3.2 of SCL-6225.

¶
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PROGRAM FO NEXT I7ERVAL

(1) Complete Tasks A through F Phases 1 -
where application is feasible.

(2) Begin Phases B and C.

i.

i. -18-



IDTIFICATICU OF KEY P:RSMINEL

Tim Sprit - Hours

Mr. AnthoprW Becoau:o
Project Engineer 292

Mr. Ernest Colon
Technician 290

Mr. Leonard Nero 115
Statistician

Mr. Lester Powell

Senior Component Engineer *

Mr. Arthur Bethke
Chemist

TOTAL 697

* Mr. Powell and Mr. Bethke are available at no coat
to the project.
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MM0OIS M3EIR3IT g[ MOAD POZY lIUT PAN=K

Xfr. Test * Average thickness (inches
God& LuIMto paw -l-.

no. Patt, 1 Ntt, 2 Patt, 3

A IMP 0.013" o.0o0 0,008
K 0.013 0.013 0.010
So.o02 o.011 0.007
r 0.010 0.008 0.009

pape O 2y 0.010 0.014. 0.019
1 0,019 0.1%7 0,012

*y 0.010 0.100 0.009I 2.o e.OOO OO O 0,0S• 6.811 0,011 0.00?

Y 0.019 0.012 0.008
K 0.039 o.017 0.013

B paper SPOW r 0.009 0.01. o0.02
o 0o007 0o0o6 0 T007

a] 2 0.013 0,011 0,012
K 0.013 0,039 0.018

as y 0.005 0.004 o.007
K 0.006 0.006 0.00?
1 0o.005 o.oo6 o.oo5
I 0,006 0.010 O.O112 0.006 0.OO8 o.0o5•u o.ooe o.oo6 o.ooB
2 0.0101 0.006 0.,00

C a1 y 0.01 0,022 0.00
1 0,020 01018 O.0.l
y 0.004o 0.003 0.005
• 0.012 0.009 0.009

pape OPM y 0.012 0,016 0.009
x 0,006 0.008 0.009
z 0.012 0.008 0.013
1 0,010 0.012 0.013

a1 y 0.019 0.0141 0.010" o,015 0.013 0.009

D OB y 0.oo5 0.oo9 0.004
o ol.1 o.0o1 0.009

al 2 0.1011 0.009 0.009
o 0o010 0,007 o.oo8

papwr epoq ' 0.013 0.019 0.013
x 0,012_ 0,010 0.008

xP 1 0.011 0,011 0.008
S 0.,009 0.013 0.012

I 1 0.016 o.o01 0.010
K 0,015 0.011 0.010

Sy 1 o0o00 oo.16 o.o00
x 0.020 0.022 0.020

0• r o .0o6 o.o03 0.016
1 0.016 0.014 0.017y 0.018 0.017 0,0120.019 0,0114 o,o0 5

M , T 0o024 o.o0 01
S 0o01• 0.0o3 0.o6

- - -



bt Aveqe thikomsu (inch")

odm. Iai Platt. 2 Fat

pepw sMPOW 0.017 00100 0.019
___________ 0013 0.020 0,017

PA papo y 0.003 0.005 0.005
I 0.003 0.001 0.005

*T 0.004 0.003 0.003
x 0. 0) -. 005 0.005

T 0%0e% 0.006 0,00$
K 0100 0.003 0.006

lim Y 0.06%7 0.6004 0.003
K 060A 0.002 0,006

G a3 y 0.007 0.009 0.011
I 0.008 0.007 0.007

*T 00009 0.007 0.008
I 0.008 0.011 0.008
y 0.0008 0.00 00016
K C8212 0.007 0.008
Tw 0.1010 0.006 0,.006
K 0.007 0.009 0.007

Paw~ epw ~ y 0.007 0.020 0.021
K 0.008 0.009 00009

R paper ")w Y 0 .019 0. 014a 0.005
2 0.020 0.019 0.019

MMP y 0.007 -0.007 0,005
K 0,012 0.0111 6.017

03 y 0.01.0 0.009 0,013
x 0.013 0.009 00011

03 1 vo 0.01 .09 0.011
2 0.06J4 0.013 0.013

* 000 0.009 04007
orr 0.007 .0 .0

K 0.007 0.005 *.008
03 0.008 0.006 0.007

I 0.001 0.006 0.008
yr 0.006 0.007 0.010
K .0.009 0.005 o0.01

Pq~aw GP y 0.006 0.00% 0.007
K 0.005 0.006 0.00o7

MM 0.00O5 0.007 0,007'
I 0.001 0.006. 0.010



MU'!R COATD PAX=S

]I'. •Tet Av.wap thickmns (Sluche)
006 TAULnoto panel
no. t.tt. I Ertt. 2 ktt. 3

NA o 00.008 o.oo9 0.003
I~~~ oo9 orO o~l1 0.009 0.010 0.010

* OdM 0.020 09O
1 0.010 0.008 0.013

Sr Y 0.0o1 o.o02 0.01o
1 0.009 0.008 0.008

pq t *PO 0.010 0.010 0.008
I 0.012 0.009 0.007

' 0.010 0.005 0.006
1_ 0.008 0.009 0.01.

S" Y 0o.010 0.008 0.006
I .oo5 0.003 o.008

aB Y 0.005 0.012 0.011
X 0.006 0.009 0.008

M13P 0.010o 0.009 0.008
1 0.008 0.006 0.007
T K 0.008 0.008 0.008
1 0,005 0,008 0,012

pae epoo Y 0.008 0.009 0.012
1 o.Ao o.oo moSoo

cc pap .epoxy 0.005 0.00o 5 0.00
Y o,06 o.oo6 0,0o6

o0.00 o.oo1 o.oo;4
I 0.0o6 o.oo4 o.oo5

as K 0,006 0,004~ 0.005K 0.009 0.008 0,006
ab 0.006 0.007 0.00%

X 0,006 0.006 0.005
&A A 0.003 o.oo4 0.o04

X 0.00o4 0.005 0.06

, o 0.009 0.007 0.009
X 0.006 0,008 0.006

a' Y 0,0014 0.005 0.0122
1 0.008 0.009 0,007

U Y 0.008 0.007 o.008
1 0,009 0.009 0.010

Paw Gepoy 0.03 0 0.o14 0.01
o 0.005 0o.0• 0.009

® •• '•I ooo o.oon o.e..o 0.007 o.0.o8 o.oo

S 0,.007 0,007 0.0611w Y 0.005 0.007 0.005

1 0.010 0.006 0.006
(W o 0.008 0.010 o.00o

X 0.015 0.011 0.006



""LWS AV tUAa.WL

Ii ift' Test Average thickness (inches)
oofe L 'dnate panel

no. Ptt. I Putt. 2 Patt. 3

00 rB 0.010 0.011 0.006
I 0.013 0.006 0.006

Spaper Opoq y 0.007 0.008 0.005
x 0.005 0.006 0.014

OF y 0.031 0.005 0.006
I 0.005 0.012 0.010

hIP 0.006 0.007 0.006
1 0o007 0.006 0.009

OB " 0.006 0.008 0.011
X 0.011 0.009 0.008

E I 0.00I4 0.007 0.007
1 0.010 0.009 0.009

II GE y 0.010 0.007 0.005
x 0.009 0.007 0.008

paper epoxy 1 0.0014 0.007 0.010
1 0.007 0.009 0.009

OF Y 0.007 0.009 0.010
x 0.010 0.007 0.006
1 0.007 0.005 0.005
x 0.007 0.006 0.009

OB y 0.005 0.005 0.011
x 0.007 0.008 0.006

', ,



TABLE V
itrvm,.c M~MT•nniinY taK C0• ONBYA lI• w

Z0aA1m, 111 [0

lao 3a 00 IL. 0

A 3.63 3.51 3.36 3.28 3.26 3.23 3.17

a' 3.34 3.20 3.2 3.07 3.A 3.-. 3.00

0 4.28 404. 3.81 3.65 3.65 3.57 3.146
S3.15 

3.06 2 .99 2.90 2.87 2.83 2.81

G 4.46 4.22 4.03 3.96 3.59 3.54 3.48

H 3.40 3.36 3.32 3.24 3.17 3.14 3.13

I 4.18 4.04 3.86 3.68 3.54 3.48 3.36
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TABIS V11K~~ DISSIFATIgO FPACTR

II _EPW GDTINW T NC

MF R. D XpA70 FA02OR ATl100
we# 3162 o30 ___ .0 1ý

A O.0o5 0.0l,9 0.0o4 0.040 0.042 0.047 .0049
lB 0.047 0.030 0.035 0.030 0.030 0.033 0.031,

SIC 0.076 o.075; 0.077 0.065 0.078 0.070 0. 00

D 0.056 0.047 0.052 E.03, 0.030 0.031 O.0o3

a o 0.64 0.05I 0.073 o.o45 0.052 o.o66 o.o4o

H o.0i6 0.018 0.023 0.020 0.019 0.026 0.020

*1 II0.039 o.oh0 0.058 0.036 o.o0ld 0.059 -
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I TABLE IX (CONT.)

Yfr. Test Average
code Laminate specimen thick. 1 Mc. 50 mc. 100 mc.
no. type of

- panels Av. Q Av. Y Av. Q Av. X Av. Q Av. IF

F YE control - 97.0 0.010 99.3 0.010 83.3 0.012
coated 0.003 70.4 m.014 108.5 0.009 97.3 0.010

GB control - 171.6 0.006 131.1 0.008 .00.3 0.010
coated 0.005 131.6 0.008 106.8 0.010 122.3 0.008IF control - 123.8 0.008 91.7 0.011 32.7 0.012
coated 0.005 109.1 0.009 90.8 0.011 132.4 0.008

EXXXP (7E) control - 66.4 0.015 51.4 0.020 38.7 0.026
coated 0.004 65.0 0.015 49.2 0.020 46.0 0.022

PP control - 68.2 0.015 14'.5 0.021 37.9 0.026
coated 0.005 63.9 0.016 47.5 0.021 70.6 0.014

IE control - 93.9 0.011 71.3 0.014 30.7 0.012
ScoatedI 0.009 57.0 0.018 53.9 0.019 47.5 0.021

G3 control - 164.8 0.006 111i1.4 O.009 30.4 0.012
coated 0.007 Nj.7 0.012 73.4 O.Cl 62.4 ,.o16

0F control - 156.2 n.(,( 62.9 0.015 65.3 0.015
coated 0.008 61.0 0.016 57.8 0.017 51.3 O.026

EXXXP ('E) control - 66.9 0.015 35.3 0.023 38.2 0.026
coated 0.008 47.2 0.021 33.0 0.026 32.3 3.030

PP control - 70.2 0.014 62.4 0.016 36.6 0.027
coatel 0.009 50.11 0.020 35.5 0.027 33.0 0.030

E control - 127.5 O.oo00 9)1.9 0.011 76.3 0. 014
coated 0.013 95.3 0.010 71.4 0.C114 63.9 0.015

33 control - 156.7 0.006 113.8 0.003 76.3 0.013
coated 0.011 1214.6 0.008 71.5 0.014 79.3 0.013

T control 124.6 0.008 95.5 0.010 75.2 0.013
coated 0.015 102.8 0.010 74.2 0.014 78.3 0.013

EXXXP (pE) control - 59.1 0.017 60.2 0.015 31.9 0.031
coated 0.020 53.1 0.017 40.9 0.024 35.8 0.023

PP control - 80.4 0.01?2 47.5 0.021 43.2 0.0231 coated 0.014 65.6 0.015 39.4 0.025 43.2 0.023

I G? control - 100.0 0.010 93.3 0.011 81.8 0.012
coated 0.006 75.0 0.013 63.9 0.015 59.7 0.017

03 control - 136.1 0.007 103.9 0.010 36.1 0.012
coated 0.006 124.9 0.008 79.3 0.013 69.2 0.014

OF control - 127.6 0.008 95.2 0.011 77.9 0.013
coated 0.003 99.1 0.010 78.8 0.013 64.7 0.015

TxxXP (PE) control - 60.3 0.017 43.0 0.023 39.7 0.025
coated 0.006 54.1 0.018 35.8 0.023 35.4 0.031

rr control - 72.6 0.014 46.0 0.022 45.3 0.022
coated O. 007 6)1. C-. 015 1 3.2 0.1-23 37.3 0.027
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TAILE X

1-FACTR A:'D rESSIPATIC) FACTOR MS1URE E: S3 01' ?OLtRETh1E COITEj

SP•ECIMEI.• X TZT P LIELS

l r r. t Test Average Mc. 5 c. 100 rr
coce L an--ina te specimen thick. - 1
no. type of A

___n�lo _ _ Av. Q Av. LF Av.q Av. Y Av.Q Av. Qy

AA GE control - 72.1 0.014 102.9 0.010 72.8 0.0114
coated 0.010 65.4 0.015 76.2 0.013 57.9 0.017

G3 control - 91.2 0.011 124.8 0.008 19.9 0.0i2
coated 0,010 79.7 0.013 94.1 0.011 69.7 0.0114

3F control - 92.8 O.011 106.0 0.009 35.4 0 .012
coated 0.008 79.1 0.013 84.3 0.012 62.7 0.016

EXXXP (PE) control - 46.2 0.022 U4.4 0.022 43.4 0,023
coated 0.009 39.9 0.025 42.1 0.024 36.3 0.028

PP control - 54.7 0.013 53.0 0.019 43.4 0.023
coated 0.009 )46.3 0.022 48.0 0.021 35.1 0.029

33 GE control - 614.8 0.015 76.0 0.013 62.9 0.016
coates 0.008 u49.5 0.020 64,.1 0.016 51.7 0.019I 3 control - 1C0.7 0.009 130.7 0.008 32.2 C.012
coated 0.011 (68.2 C.01 :39.2 0.011 67.3 0. 3i5)

Scontrol - 9 0.011 97.5 0.010 35.14 0.012
coatel 0.005 65.3 C. 0j 37.4 0.011 65.2 0.017

EXXXP (FE) control - 141.1b 0.027 146.0 0.022 36.2 0.023
coated 0.006 37.1 0.027 40.8 0.025 37.1 0.027

PP control - 51.6 0.020 47.3 0.02:1 39.7 0.025
coated 0.010 141.4 0.024 60.2 0.017 35.1 u.029

CC GE control - 6 9.9 0.O14 91.0 0.011 70.1 0.014
coated 0.009 32.6 0.012 82.6 0.012 64.2 0.016

GE3 control - 31.3 0.012 105.3 0.010 82.2 0.012
coatel 0.007 75.8 0.013 94.1 0.011 66.7 0.015
control - 29.8 0.010 107,3 0.009 85.4 0.012
coated 0.003 0o.4 0.012 38.2 0.011 63.0 0.o16

EXMIP (PE) control - 47.2 0.021 43.1 0.023 39.7 0.025
coated O.CO6 142.7 C.024 142.4 0.024 36.8 0.027

PP control - 54.0 0.018 51.7 0.019 43.4 0.023
coate, 0.206 )17.8 0.021 50.0 0.020 39.9 0.025

DD GE control - 60.9 0.017 77.9 0.013 65.4 0,015
coated 0.009 62.3 0.016 74.5 0.013 56.6 0.013

GB control - 7,4. 0 0.014 127.5 0.008 8L4.1 0.012
coated 0.007 100.6 0.010 109.9 0.009 73.9 0.01l

W control - 102.3 0.010 96.7 0.010 75.6 0.013
coated 0.008 91.1 0.012 92.0 0.011 67.5 0.015

EXXXP (PE) control - W144.0 0.023 43.1 0.023 38.0 0.026
coated 0.006 142.7 0.023 42.3 0.023 38.7 0.026

PF control - 51.3 C.020 44.6 0.022 30.0 0.026
coated 0.006 149.7 0.020 47.4 0.021 37.2 0.027
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F,
TABLE X (CONT.)

?i r. Test Average
Code Laminate specimen thick. 1 mc, 50 Me. - 100 -

no. type of
____panels Av. Q Av. L AV, Q Av. X' Av. Q Av. X

GE control - 609 0.016 76.0 0.013 65.4 0.015SGO 6 .9 0017 6 9 76.

"coated 0.010 57.4 0.017 69.3 0.014 49.2 0.020
GB control - 119.8 0.008 110.4 0.009 91.9 0.011

coated 0.008 101.6 0.010 97.8 0.010 77.8 0.013
OF control - 88.7 0.011 95.9 0.010 7L.9 0.013

coated 0.011 81.4 0.012 82.1 0.012 64.3 0.015
EXXXP (PE) control - 44.0 0.023 44.5 0.023 39.6 0.025

coated 0.003 39.2 0.025 4 2.1 0.024 51.6 0.019
PP control - 55.8 0.018 51.0 0.02D 41.3 0.024

coated 0.007 45.3 0.022 45.4 0.022 36.3 0.028

'! GE control - 66.6 0.015 75.5 0.013 59.3 0.017
coated 0.009 55.1 0.018 66.5 0.015 51.6 0.019

-33 control - 107.1 0.009 124.8 0.008 79.0 0.013
coated 0.009 82.7 0.012 98.2 0.010 74.4 0.013

OF control - 88.5 0.011 104.0 0.010 72.6 0.014I coated 0.009 67.4 0.015 83.5 0.012 62.9 0.C16
EXJOP (PE) control - 44.0 0.023 43.4 0.023 39.7 0.025

coated 0.008 37.9 0.026 41.8 0.024 34.1 0.029
PP control - 49.7 0.020 145.3 0.C23 38.0 0.026

coatel 0.007 45.5 0.022 43.0 0.023 36.2 0.028

II GE control - 76.1 0.013 99.6 0.010 72.7 0.014
coated 0.003 61.4 0.016 72.7 0.04h 55.0 0.013

.3 control - 81.3 0.012 100.5 0.010 69.8 0.01L
coated 0.007 68.2 0.015 80.6 0.012 63.3 0.016

OF control - 36.2 0.012 107.1 0.009 32.1 0.012
coated 0.008 70.3 0.014 77.6 0.013 61.7 0.016

EXXXP (PE) control - 4.5.7 0.022 46.7 0.021 78.9 0.013ccated 0.008 38.3 0.026 40.5 0.025 38.3 0.026
PP control - 52.6 0.019 55.2 0.018 39.6 0.025

I coated 0.007 44.6 0.022 46.7 0.021 33.7 0.030

I
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-SPECIMEN Y

and Pattern ______ Inaula* ion Rouistsace. after oWhm).. . .I Sample No. Number
______ initial 1st cycle 5th cycle 7th cycle 0th cycle Thth g1l.~

1-1 8.5il 1 5g . M 4-5 u B O11v
2 8.OxlOll1 1.5xl 0 7.0x1010 4.2x1010O 7.%x:LOIO 5.0x130310

S Sampie A 3 7.5x101 1- 2.07.101 8 ox. O 7OxlOlO 7.f01 .03d01 1  6.0x10 1 0

______Control 1.511ý012 4.0x10 7  6.0110).1 1l07.1011 3.073.010 1.o5x1010
G-10 1 5.01101 8.01109 5.&1OlOO 3 5x3.QlO 8.07)1010 6 .0x101 0 1
*2 5.OxlO3-l 7.07109 5 5x103.0 3*07)01-0 8.OxlO3lO 6. W10'0

* Sample A 3 5.COX10 11  1 5xJlO3 0  9.C)OQ0 1  7.OxlO03. 1.17.101 8.071010
_____Control 1.07.112 2.2x106  8.OXio9 1 :5x3.08  1.5x3.08 1. 5x310 7

I EmXP 1 6,Ox1011 1 o2X103-0  3.0%1)010 2.07.1010 2.27.1010 1 ioWa01
*2 5.WOx1O- 9.0719 2.57.1010 1 8X1010 2 51.1010 1.1,c10 10

Sample A 3 I4.O11Of 8 OX109 2.5x11010 1.77.1010 2.57.1010 1.311010
______Control 7.011011 6.O108 5*0x101-0  1.57.1010 1.511010 7.07)109

GF1 5.011011 6.Ox1c9 2.,57.1010 8 o~io9 1.o~1 0  5*O09
2 5.011011 7.0x10ý' 2.541010 1.011010 I.53d010 80OX109

S Sample A 3 5.0x103-1  9.0x109 i&.0x101 0  1.5x1010 1:54.01 0  1..01101O
*Control 9.07.1011 3. xCdc 7  l.0x19 7.04109 4~o1ox. 9  1.01108

1P 2.5x1011 1.0xl09 2.0x101 0  1 5x10 1 0  3.0110O10 2.o5x,1010I2 2.5x101 1L 6.0Ox10 9  2.5x101-0  l.5x101 0  4j.O130: 2 5x1010
* Sample A 3 5.011011 1..5x101-0 6.0x101 0  4.OxlOl 0  7.Ox)010 t4.071010

Control 1.17.1012 7.oxlo 7  2.0x710-1 l.SxlOfl3 1.5:.,.031  1.011011

EXU 1 1 xlO'2  2.071012 L&.WOxl 1  2 5xlOll 2.5xlOll 2.OxlOll
2 1.2xl102 1.5xlo3-2  4.OxlOUl 2.071011 2.07.1011 1.5xlall

* Sample C 3 l.5x1012  l.5x1012 3.x101l 2.SxlOll 2.57.1011 2.07.1011
* _____Control 1.5x3.012 2.071010 5.0,I201l 3.OxlOl-l 3.5x1011 2.53lOll

GF 1 2.071012 1 .oxiLOl2 3 o7OxO-1 1 .5xi0 1 -U 1.511011U 9 .W010
2 2,0%.1012 9 o0x101 1  3.Q11011l 1.2x7.101-1 l2x1011 8.07xlO01

Sample C 3 2.o51101-2 1.07.1012 3 .071011 1 o3xl0 -1  1.X10 11  7.0x101-O
______Control 2.57.1012 2.2x1107 3.07l07 Erratic 1 .2x105 2.OxlO4

G -10 1 307l)012 94403-01 707)011 3 o5x10 1 1  3.07X1011 2.0x101 1

*2 3011c012 1.3x.1012 7 07)011 3 .52 a6Ll 3.01101 2.57.1011
S ample C 3 31.5x.1012 1.8x.1012 5.07l0ll 2.57.111 2.5x10l,-1  1 -54.011

* _____Control 2.07.1012 2.6xl0)7 4.5x10 7  6.5xlC7  3.o0&10 6 1.0x1o7

* XXXP 1 2.0x3_01 2  5.Ox1O11 2.5x10 1 1  1,071011 5o0x10 1 O 1 3xlo1 0 -
2 3.0x11012 6.oxlo11  3.07.1011 8.071010o h511o'0  l:0oI0o10

Sc)ample C 3 3.0x11012 4 .0x101  3.07O1011 7,.071030 30Ox1 010  1.07.1010

__ _ _ _ _Control 3.0710127 1.37 106 5o5x10 7  2.0 7.10O8 1.5x o6  1.07.106
G-11 1 5.5xao 1-2  1.07101L2 5,oxlOl1 2.07l0n 1.511011 1.111011
*2 5.5~io.12 1.57.1012 5o.071011 2.07.101 181101l1 O.X10 311

S Sample C3 5.0,,1012 1.37.1012 6.071011 3.071011l 2.07.1011 I 0X101-1
_______Control 5.6110O12 4..6x10 7 2.518 2.10 6.01 1:6&L8



adPatterni _____ Iripula ion Resistane after ohmsu)
Sample No. NmeIinitial let cycle 5th cycle 7th cycle 0th cycle lhhena

G-11 1 15x3lO:-2  2.0x109  2.01-:L .100 iOxiol0 1.011010 8.oXio9
2 6.0%103-1 9.01108 5-OxIO9 2.31190~ 4 OX109  3.0x10O9

* Sample 1) 3 8.W0 3-1011 WO 2.5x1010 3. 51110 1:5Al0 1 0  I - 33,aOL0
*Control 1.2x,03-2  2 . x108  9.01109 1:54-09 1 W07l l.5xlo7

* hIP 1 4-X11 9.l0 i-~' lO -xl9 .6x10 9  2.5x109  2.5x109
32 4.5x101 1  l:xO 56x1.09  2.5x10 9  4 &3d09  3.0&10 9

Sample D 3 5.0101 3.0x10 9  1.Sr.101 7.Ox~l09 9:04.09 7.0m109
______Control 1.0x012 3. Oxl&- 0  2.0wx10n 1  .341011 7.011010 I 1.011011

OF I S.xlOlJ 8.0x10t$ 2.x0 1 5x.1 9  1.5xl09 1:3X10311
2 x0l~l1 9:10 3.5x109 2.0x109  l.8X1091OxlI

Sample D 3 14.0xl0 11  1.0x10 9  2.0110130 2.23,a09 2,54.09 2.WOx19
I _____Control I.WO~12 5.0117 3.0x107 3.0x1105 3.0x10 1  3-_____04

EXXIP I 4T0ioll 6.Oxl0tI 3*x 2.01109 2 .04.09 1 8XI09
2 2.5x1011 7.01108 2.5x109 I 3x109 1 -54.09  i:i4.09

Sample D 3 3.5x1011 6.r'x108 3-0x109  l.6x10 9  2.0x1 9  1..5xl09

*Control 1.1x10?12 .0X109 2.0x1010  1.5x1010 9.0x109  3.5X109I G-10 1 5.011011 9.Ox108 5.wox 9  3.0x109 Ij.oxCL09 3.5x109
2 14.011ll 901-108 5.:,x10 9  3.5x109 4.5x109  3.5x109

Sample D 3 5.0x201 1  1.2x109 8.Ci1109  5 5xl09 7.0119 6.01109

Control 1.111012 2.8x107  3.0x10 7  l.011o7 1.5x107 3.01_106

G -110 1 8.0x102l: 1 .5x109 2.Ox109 1,5X109 1.8x109 1.91109
2 1.ox1o1-2  I.61109 3.0x10O9  2.01109 2.0x109 2.01109

Sample E 3 1.01101!2 1:8x,0 9  3.5x109 1.9x10 9  2.01109 2.0x10 9

Control 1.511012 4.ox10O7  3.01107 Erratic 5.0x10o4 3.Ox:Loh

G-11 1 1.011012 1.2x109 2.5xl09  2.01109 1.81109 2.0xl09
2 .x 0 2  15109 36110O9 2.81109 26110O9 2.5x109

Sample, E 3 7.Ox0x1O 1-5x10 9  2.5x109 2.2xl09  2.8x109 2.0x109
Control 1.5x1012  1.01107 2.0x10o7 :ý 1.51108 2.01108

GF I 2.01103-2 1.21112 5.0x1010  1.5x101 0  1.011010O 7.0x109
2 2.0x1012 1611012 6 0X1010 1.5x10l0 1.111010O 7.0x109

Sample F 3 261101L2 109x10 1 2  6.0x101-0  2.04.03-0 1.31101-0 7.0x10 9

C _____ontrol 2.5x1012 110xl8 3.0110o7 -1,a8 2.51107 2.5110o7

G-10 1 3.011012 1L.51101-2 7.0x:L0L 017M =1 1.51101L2 -5OlU
2 3.0x10312 1.111012 8.011011 4-oxrjOll 9.(),rO01l 5.01101).

Sample F 3 3.0110O12 1.11112ý 8 .0x10 11  h.0xI101  9.011011 5 011011

~ontrol 3.5x0lO2  h.5x10 7  4.ox107 9.01107 1.81107 7.01106
EXXP1 1.-511012 2.5,r1011 4.0x3_0 1 0  3.51101-0 2.51103-0 l.CbclO1-0

2 1.9X1012 6.011011 l.0x11l 8:0x_103l0 5.C)11010 1.8110101
Sample F 3 2.011012 7.0x1010 6.011010 5 5xblO 3.0x11010 1.111100

Control 2.511 1.5x108  8.01109 1:.1101-0 7.01109 3 -01109

1p 5.0x101 2  1.21101L2 1.511011 1.211011 1. 21101 3- 90x.
2 3.511012 1.011012 l.5x10 1 1  1.511011 1.5X1011 1.011011

Sample F 3 3.5x101 2  9.0X1010 2.011011 1.511011 1.5110-1 1.i01101
vontrol 14.01aO12 5.5x107  5.01107 0oy8  8 ox1o 6  1.ox11o7

rra c

>(



Laint Pattern _____ ~ion Resiatice. after inohms)____

Sample No. NumberIinitial let cycle 5th cycle 7th cycle 0th cycle hhn1

G-3- 1 I 4.011Ol2 1.5xl1012 6.OxlOli 2.SxalOfl 14.011ll 1 5xlOfl-
2 3 .54 162 l.1x101 2  5*OxlO3-1 3.011011 j 4 .Joxlol3 1**511 0f

Sample F 3 2.0x101  8.Ox10 1 1  4.0xI.O1J 2.SxlOll 3.011011 1-5x103-1
Control 3.0:1012 3.Sx:lO7 5.ox1o7 Erratic & 5.01103 7.0z13

1 -11 I 3'OX':L :5O99 60x" 1.5:1o~ l(r 2.0xI1010 -x1

2 2.511012 1.xo 8.OXlo9 1.5IlO15x101 0 l.SOlO 1.0~ 9
Sample 0 3 1.511012 1. 6x0 9  3.5-109 7 0Xl09 31 5409 l.5x109

* ______Control 3.0X10312 ..10 c.x0 5.xJ0 2.6110O&

2 1.5u1012 2 .mo7 15oxlo7 7.x~i j.OxlO6 5 Ox2.x10

Sample 0 3 1.2x10312 1.81109 3:WOi9 6.OxiO9 6.0.xi09 31.2x:09
Control 2.5,-l012 9.0x10 7  7.oxlo5 4 0110LO0L 1.5x110fl 3-0x101

0? 1 1.xO1 2.01109 41&.0i09 7 0u109 9 OX109 9 0x108-
12 1.5xulo32  i4.oxaO9  5.OxlO9 i:OxiOl0 1.6x1010 6.0x18

I Sample 0 3 1.2ya012 3.01109 4.0x2 9  9.0x109  1.0x103-0 l.0xl09
Control 2.0x1012 6.0110O7 7.0Xl07 Erratic & 7 -. x6

I G-.10 1 1.3x1012 9 71109 4.OxIO9 1 11 i.baiolO 1.5x::O 1. 09
U2 1.111012 8.0xl0 9  5.oxio 9  1 3x1010  8.Ox109 2.5118
Sample G 3 1.e211012 4.01109 3 .5x109 1. 5x:100 1.8X1 0 3-0  3.0x0 9

3 _____Control l.5x1012 2.8x107 14.ox107  Erratic 7.oxlo5 4h.oxlI
* IP 1 9 xao 4.5x10 9  7.01109 1 . 5x-I0' 7.0x1 9  3.5x109

2 x1 1112 5.011x09 6.ex109 9.01109 5.5x10O9 3.0x109
* Sample G 3 8 11011 3.01109 3.5x109 6.0x10 9  3.5x109 2.8x109

_ _ to lo:oL - g 1.7xO ~xl7 i5:109 1 . 5xl09
I M .x01 .xO 5-OxIO9  7.Oxl3- 5.0X1010 1.511010

2 3.011012 1.81109 5.51109 11.511010 3-5x3-03- l.OxlO:LO
Sample H 3 3.Ox1012 l.0X109 7.0x10O9  3.SxlOlO 2.0xI010 6.0x109

______Control 3.0x10O12 2.2:108 5.5x109 1.5x10 8  3.01109 1.51109

G-11 1 3.011012 4-0xIO9 1.211010 1.011011 2.511011 1.5:101
2 3.511012 2.01109 1.011010 1.111011 3.0:1011 15x1011

Sample H 3 5.0i01O32 1-8xl09 2.01101O 9.011L010 2.511011l 1.5:1011
*Control 4-5x:0 1 2  2.01107 7.0110O7 2.51108 11.01107 1. 03do6

I GF 1 2.51103-2 2.01108 5.ox10 9  7.0x109  8.01109 5.0x10 9

2 301101~2 3.51108 7.5x109 9.0X109 6.OxlO9 5.01109I Sample H 3 3.011012 1.5110 9.01109 1.011010 7.01109 6.01109
Control 3.011012 l.0x10O7  7.0x107 Erratic 1.01107

7Yrp 3C)10ýr 1 2  1.8xl09  1.3xlCP-0  2.'7x1010  6.01101Lo 11.0110132 3.5X101-2 l.9x109 1.2X1010 3.0110O9 6.0110 3.511010
I Samnie H 3 3.5110O12 1.2x109 1.0W010 1.71101-0 6.-x01100 3.5x101O

______Control 3.5:1012 2.0x107 2:5xl07 9.X1l09 1.011010O Leaky
1 G-10 1 3.011012 1l.x:L09  2.xO 2.01109 5oxlC3lo 3 5j-"

12 14.X1l012 1.0110O9 l-5x109  1.3x:109 3.x301101 2.211010
Sample H 3 2.011012 1.01109 1.5x109 1.-3:109 3.5x1010L 2.011010

Control 3.0111 .x0 .10 3.0x10 6  7.x0 5010

XI



Laminate
and Fattern ______ Insulation Resistance. after inors
Sample No. Number

____________ initial let cycle 5th cycle -7th cycle 10th cycle hcla

XXXP 1 2-5x101 2  3xl 4  l.xO 1  1x&- l.l0 6.Oll
2 3-OX1012  1ý.0xl0ll 1  -3xl10l 1  -.lxlQ 1 1  l-5xl01 1  3.0X10 1 0

Sample 1 3 3.0Xl01 2  1~-. Xl0ll 1 1.x103-1  1.0x10 1 1  l.0x101 1  4-9.XQ107
Control 3.0X10 1 2  8 .OýxlO 1.oxlo7  5-X1 7.x0 1. bX10

EXXXP 1 3-5X10 1 2  3.0X10 1 1 8.Ox10 1 0  6.0xl01 0  3-5X1010  1-0X1010
2 3QOXQl2 2 0x1011  6.0x1010  5 0X1010  2.5xl010  7.xl09

Smaple I 3 Ox1012  l:lxlOll 2.2xl010  ?:2x101 0  l.8xi~og 5 X1
Contr-ol d.X1012 6.0x108  n.0xl07  1.x0 .Ox1lO 1.2x10g

G-10 1 5.Oxl& 11 1) 5 1011  3.OxlO 10  l.5xl09  iý.0xlO11  2.0x1011

2 1t.0x1011 e6.0x1011  5.0x1011  3.0x1011  5-.X0xl 1 1  2.0x1011

Sample I Coto :Oxloil 5.xl: 1 ~ Oxl0 2 0X108  70X107
108 l.x,08 fj.x101  1 8X1010  1ý:oxJ.o7

G-11 1 2.0xl012  7.0xl0'l 3.c-xl~ll 2 0x1011  3.0X1011  165x10 11
2 4-0xl012 15.xl01' 3.¶JxlO'-'- 2.0x1011  2.5xlOl1 1  Ol.0x01

Sample 1 3 3-5x1012  ý .0x1012  3.0)x1011  1 3x1&-1  2.0x1011  7.0x1010
Control 3-5x101 2  ..0oxl0 7  l.")xlO 1-5x10 7  l.2xl08  l1,0x10 7

3 2.0x1012  6 0xl010  3.x1010  2. 5x1010  l lxl0lO 4 6X109
Sample I 2 1.5x0 ;X10126o 1o 7.(XOO1OxlO ll 3i5x011 -3~1 e:.)Xlo10

1 1. 5XiLo"- 1ý. CX109  1.OxlO01 0  4 . xl01 0  2 .5x10 10  ). " x101 0

G-01 2.0xl01 2  7.0x101 0  2.5lO Thi Colo 2.0xl01  2 x0
AA 2 2.0x101 2  ji:x 08 * X10~3 ~>i9 .xl 8  8:6l1 8

Sml3 2.x0 12  1 0:.10 1 2  .x1' l10  2 5xl010  9.0x109  6 0X109

Control 3.0x101 2  1.4xlV 8R.0x106  -3. 5xl03  3.0x10 3  l.0xl03

EXXXP 1 3-5x1012  [j.0x1011  2.Lx1lOBx101 0 (',x(l.$1x1010  7.0x109

2 3 Ox1012  . xlOll 2.ixl~O6O101 0  1 0 x101 0 Z.xl' 7.x109
Sample AA 3 3.0x101  C- kOll -:(xlOljO 6:0x10lO1 l0x101 0  5.xlO 9

Control 3.0x101L jý.oxlo7  9.O-xlo7 R.0)x10 8  1 .2x109  6.0x108

XXXP 1 2-5x101 2  1 5x,0 12  l~10 1 1;ll 6 'ýxl011  1.5x1O11  1 '5X1011

2 3.0x'1012  70OX1011  lx1 11 ý xl 01 15ýXol 1.310ýlo 11 13x1011

Sample AA 3 3.0x101  1.2xl0,2  OX10 1 3 ~Ox10 1:T1 1  1:ýx10'
Control 3.5xl01 2  2.OxlOf 7.0)x10 6  ?.:OxlOlh *2 .0x1 3  2.0xl03

GF 1 ~1ý.OXl01 1.511 1 Dl)X10 t~rXl 1 l 8.5-X100 6.OxlOl
2ý IOXl0 2 l'x0 1 ~O1 0  1.cXolýOxoo ipxloll 3 .5xl010  2-5x1010

Sample AA 3 )ý.0xlo 12  i.x1012  ,)x,010 ?.Xloll 6 Ox1010  4!'0xl010
Control jj.5xl0 12  l.:ix1o7 3-cýx1o 7  1.0)xl0 6  7-5x104I 9.0x1 14-

G-11 1 4.OxlOl2  3 0xl10 2  i-).,xl1Oll .oxioll 301 11  301 1

Sample AA 2 4k.0x1012  ?.5xl0)12  ,ý.OxlOl '51 .)xlOll 1~Oxl0ll 2 5xl011
3 4i. X10 ,1  .£.0x10 3.,)x10 1  .x1 1  3.0x10 1O xl l

Control 4~.2Al012 1.0x107 1. ;xl0 7 Leaky 7.0x103 6.0x103



SP!.CINEN Y _______________________

Laminate
and Pattern I_____ nnas ua1ion Resaitence. after inohms) _____

Sample No. Number
____________initial lot cycle 5th cycle 7th cycle 0th cycle 1jhh cr18

G-11 1 4.j.OX10 12  14 0x101  lxO1 1  1.5x10 1 1 15ll 1.811011 l.0x10 1 1

2 Li.X101 2  3.511011 1.5x101 ' 2:OxlOll 1-5x1011  1:0x1011
Sml B 3 .5xl012 5.x1011  2.0x101 1  3 0x101 1  2.0xl101 1 l1x101 '

Control 14-Ox10 3.OxlO7 2.0x107  Erratic------ ---3.x106

EMXP 1 3.0x101  7.0x101  11.5x0 1  5 0xl01  14.xl01  3.5xlO~
Sapl B .x10 1 2  9.0-K1011 2.0x~l -x1011 3:OX1011 3.O xlO l .l
SmlBE 3 3.0X1012 _10.x1012 2.0x1011  6.0x1011  14.0xl0l1  3.SxlOl

Control 4-..xl01 2  3-0X1010  14-0x107  2x1 8  ltx1O .xo

XXX? 1 1.211012 3 5x101 1  8.OXl0lO i 2x1011  3-5X1010  2 0x101M
2 l.5x101 2  6.0x101 1  8.0x101 0  9 0X101 0  2.51O0 10 l5xI1Ol0

Sample BE 3 1-5x1012 6 0x101 1  l1.2xl0ll 14.0xl0 11  l.5xl0l9- 2.0xl0oll
Control 2.2x101 l.0xl0O 3.5x107 1.8X10 l.OxlO' 2.oxlo4

G-10 1 2.5x101 2  6.0x1011  1.2x101 1  2 5x1011  l.5x1011  8 0x1010

SapeB 2 3-5x:1012 50Oxl0 1  1 2x10ll 3.5x10ll 1.511011 1.0X10
SmlBB 3 3-5x:10 125.OX 10 1 1 03xO110 -xO1115I 11 1 xlO 1-1

Control 14-5x1012 14..0x107  3.5x107  5*gX10 6  l.5x106  2.6x165

GF 1 14.OxlO 12  7 0x10 1 1  1.5x10 11  14.0x1011  1.3xl1011 9.0110 10.
2 5.0x101 2  5.011011 1.lxlQ'1  14 0X101 1  1 3x1101 80Ox10 1 0

Sample BB 3 3.5x-10 1 2  14 0x1011  1,5x10'1  14.0x101 l 1 13x1011 l-OxlO'1
Control 14-5x10 12  1.8X108 3-5x107  1.3x1106 l.1x107  14:5x104

GF 1 14.5xL102  1 0x1012  1.1x1011  3 0x10ll1 l5x101 1  1 OxlO11*
2 14.0x101 2  1.l ~12 1.3xl10 1 1  3.0x10 1 1  101O1011 90Ox101 0

Sample cc 3 14.OxlO 12  1 2x101 6.OxlO10  1:31-1011 6.011010 5:01100
Control 6.0x1012  2.0x107  2.0x107  5.0x106  1.8110o7 1.0x106

XXXD 1 6.0x101 2  1 r'xil122a 12 OxlO11 5 5x1011 2.0x101 1  2 0x1011
2 5 5x101  1 5x101 Oxl han -5:OXlO 1:5x1011  1:5x101

Sample CC 3 5.5x1012 1111~ .U 1.1x10~l 7.0xO.
Control 6 xO 2 2OxlO 2  O.x10 1  14- xlO" .5x10 1-5x101

G-10 1 1-5x10 1 2  1. 1x101 2  1.5x10 12  1-3I 12 5.0x101 1  5 0110111
2 1.0x1012  1.OxlO'2  1.51x0 12  1.111012 5.0xl011  5:0I10 11

Sample CC ioX112  1 .9]x0ý 6.OxIlO0  20Ox10 1 1  1.9x101 1  2 5x1011
Condrol1 . X10i12 2. x10 1.7xI07 1:5x109  3.0x107  5:5x165

EXXXP 1 1.5xilO 2 1-5x101 1  9.0x101 0  9.0x1010  3.10x1010  2 0x1010

2 3.0110O12 2-5x1011 1.6x1011  1 c5x1011 14.5x10 10  2 c5x1010
SampleCO 3 2.5110O12 2. 2x10ll 1 0x101 1  I.Ox10ll 2.5x1010  18A1010

Control 2:5x101 2  i.5x108 6:0x109 8:oxlo( 2.0x109 1.ox1o7

0-11 1 2.5x,12~ 14 0x101 1  1.3x,01 2  1 0x101 2  140x11011 3-0x1011
2 3.011L012 40xl0l1  ý.2x1 1 2 lfoxio' 2  3.5x10 11 30Ox10 1 1

12 4O~l 1 Oxo 12  9 1 3110 l.3 110Sample CC 3 , x 217 9:0x107  7.xl0o 3 5x1 1  2011011
Control 2.5110 ,x :xO 13l6 .xo



IY

lAininate
and Pattern ______ Insulation Resistatice. after in ohms) ______

Sampl_____ umbe initial let cycle 5th cycle 7th cycle 0Oth cycle 11thcv ,

G-10 1 3.0x10 12  4-..xl0 11  1.3x10 12  1 3X10 12  3.5X10 11  2.5X10 11
2 O1~.x0 1 2  3 OxolOl 1.1x,012. 1:0y1012 .2-5X1011  2 0x1011

SoimpleG 3 5 .0X1012  3.071011 1.171012 1.0x101 2  2.x1O1' 2:5X111
Control 5-0X1012  2.8x107  3.5xl07  1 Lea 6 i40lo5 8.oxio4

OF 1 ti.0xlO{ O.x101 8.0xil0l 7 0xl0lj ý2Oll'1 i
2 4.x101  Wi.OxlO 1 Ox10 7. OxlO '2.0x10 1 ox0 1

Sample GO 3 6.0x1o 5. 0xl0~1  1 :0x1 7.0xl0P' 2.x0 1 :5lrl
Control 6.0x1012 l.OxlO7 Lt..x107  1ýOl 9 1. x 09

xxxi'~~~ ~~~~~ 11RO 25x0 7 I~ ?i
XXXP 1 .0x10 12  2.x 1 3.0x10 11 2.5X10 11  7.OX070g 4.0X10 10 -

Sample GO 3 2:5x,012  2:5X10 1 1  2.5X1011  2:0x1011' .OxalO 3.071010
Control 2.5X1012 l1. 5x10 7  5-5x107 1.0x106  1:5X10 6  7.0x105

G-11 1 1i.x10'2  4.0x1011  7.0x1011 7 oxlO1 -501 i.x~ 1 o.x10o-
Sample G 2 M.x1012  4.0xl0l1 7.0xl0ll 5:0x1011 1.5X1011 1.071011

e G 3 6.0X1012  5 0x10l 9 0x1011  7.07101i1 l8X1011 9 X0x10~
_____Control 6.OxlO12  i.8xio7 4:.0x107  2.Ox105 6.oxlo5 1.2x105

EXXP 1 5O112 3.5xl10l 6.01 1 Ox J.01' 8 .0x1011  2 071011 2Oll
2 5.0x101  3.5x1011  5 0xiu1 1  ;390X10 1:5.X10i 7 OX10~

Sample GO, 3 41.OxlO 2.5xlO t4:OX0 6. OX101  2.0x10 1:OxlO
_____Control 5.0x101 2  5.5x107  8.XO .0xl 06 ---- --06 - -- -- -- - 1 .0x0 6

XXXD 1 3.071012 3.0x1011  6.0x1011 tý. x1011  1.5X1011 6.0xl01 0 :
2 3:5x1012  3 oxilOl 7.0xl01{ 4.0x1011  1 iXi1l1 7 X0x10~-Sample EH 3 3-5x1012  )ý.0xl0l' 6.OxolO 5) 5x10 1 1  1.071011 5<0xl0 1 0

Control L4.Oxl01  2.9xl0 7  6.0x107  1.0x105  1-5x1o6 1 .2x106

OF 1 6.0x1012 1.'rxl010  6 5xl01 1  8.0x1011  2.0x101 1  1.1x101 1 .
2 B.0x1012  2.OxlO'1  6.0x1011  8.0x1011  2.5X101 1 1 5x1l 1l

Sample HHT 3 951 1  2*0x10o hl .0x101  7-0x1 1 2010 ~ 13101
Control 1.OxlO'3  2:OXlO tý.0xl07  3.5•xl0 7:OXlO 5.Ox10O

0-10 1 5.0Oxl0ý 2  6.0x1011  7.0x1011  9 0x10ll 3.5x10 11  2 071011
2 6.5xlO2 7-07101 l.xlO0 8.0X101 1j.0x10 1  Iy101

Sample HE 3 7.Ox1O12  6.0x10 11  9.(x07 l91011 301l 3.t'X0l 11 Kioll
______Control 1.071013 5-oxlo7 -,..0x108  5.0x105  i:oxlo6 6.0xl05

G-11 1 7.0x1012 4xlO. 01 11  7.0x1011  6.0x1011  2.5x1011  1 0x1011
Sapl HH 3 7.0x1012 4 0X10l 7:0x101 1  6:071011 2.0x1011  :1lx10ll

2apeH 7.ox01 I.0xl0ll A.OxlO"l 7 Q71QII 1.5X101 1 1.0x10ll
Control .1x1013  2.Ol .0x108 B.oXio8 lX0 .0x107  4*Q71Q6

EXXXP 1 2.071012 3I5x1011 8.0x10l1  .0x1011 3.0x1011  3.0x1011
2 7-0x1012  3.5x1011  1,0x1012  .0xil01  3.0x1011  3.0x1011

Sample EU 3 7.53xol0 1.lx101 2  5.0x101 1  *0x1011  3 AXloll -.0x1011
Control- .2-5x111 3.oxlo7 3-X108 .Oxlo6 155Y1 0 8 3.oxlO7



mcnmiiV_____________________________
Lawinate
and Pattern ________ ~ tion Resistace. after in__ohms)
Sample No'. Number

______________ initial lit cycle 5th cycle 7th cycle 0th cycle

XJ3 1 21O .X10 1 1 .5x1011  l.8xi01 1  9.Ox101-0  6.0x1010

2 -3X101 2  14..0x101  2 5x101 1 2.2x101 1  lalxilO' 7 0x1010

Sample 1] 3 *5xlO12  2 0x101 1  2.0xil0 18.x101 1  1:5x101 1  8.OXlO01
Cotrl 1 X1012 ?:0X108  17.5x-10 7  Leaky l.Oxlo7  7.5xlo5

GF 1 q.5xl0{H 2.5X1011 1.3xl~fl 6.0x10I8 1.5xloi8 l.lxloi8
2 *SxlO 3 OXlO 1.OxlO 6 0 x10 1.8X10 l.2x10

Samrple 11 3 9 X1011 7.0x1010  7.0x1010  4 OXJ.010  l.3X1010  9-OX109

Control 9.9xJ.011  2 .2X107  4-5x107  5 .0oxl0 l.0x105  3-6xl64
______ __ ___ _____Leak 9_ __ __ __ __ _

EXXP 1 92Px10 1 2  7.0X1010  5-0X1010  81O.OxlO 0  2.0x1010  1 5X1O0 1
2 .0lXl21 2 1.1Lx101 1  4-5X1010  8.0x1010  2.0x1010  1:5X101 0

Sample I1 3 .6xl0 2  7-5X101 0  4.Ox1010 6.0x101 0  1 8X1010  1-5X1010
_____Control .6xl01 2 17.0xI07  9.0x109  1-5X1010  8.0X109  5-Ox109

G-10 1 -33E1012 3010 1  .. .QxJOl [ 010 1  25x0 1  2.x. 1

2 1 IC10 1 2  40.lOll 0 6L.- 0 x1011  OXJ.011  3-5X1O11  3.5xiOlj-
Sample 11 3 B8x10 1 2  3.O1ll50x1011 ~.xO' 4:OX199  4-7X1O9 3 Oxloll

Control .8X101 2  3.5xl07  1.0x108  2.0X106  2.0xl06  
________

G-11 1 1 x101 2  [4'..x1011  3txlOl 3-OJ101 1  1.8x101 1  1.5xlo1 '

Sample 11 2 *5xlO 12  1.3x109  5xl 13. 5x1O11  1 5xlOll 1 5x1011
3 l1xl0 1 2  1 xlOll 2.0x101 1  2.0x1011  9:0X101 0  1:0X1011 .

Control 9 x101 1  2.6x107  465xi0 7  1 x106  2 .Oxio5 l.2x105
(Lxeaky)

G-11 1 8 XlO1U 1 X101 1  1.5X1O1 1  l.1x1O11 6.0x1_0110  6.0x101 0

2 ------- - - - - --- - - - - -

SmlGE 3 7.0x10l 1' l4xlOlI 2.0x10l 1' 5,cxlOll B.0x101 0  7,.OxlO1O
SmlGEControl .1x101 2 2.OxlO8 2.0xl07 1.5xlO7 1.5x107 5.oxlo 7



SPECIMEN x

LAninate
an PttrnI 1uion Resitance. after inohms) ______

Sample No. Number
______ _____ initial lit cycle 5th cycle 7th cycle 0th cycle thcyl

0-11 1 3 1 2.0x101 1  2.OxlOll 6 Oxilo0  6 5xl01  1 .QOQ 10

2 1.0x'.30 1 2  5 -(x10 30111  9.OxlOll 9: 0x1010 7Ull 6.0x1010
Sample A 3 101 1  3 Oxill- 2 5xl01  7OxO' 7.OxlO' 7oOx1010I )Ul'(

Control 1.8X1012  7.0x,07  3.0xi10 7  6 xi04 6.0x,04 2 oxlo5

XXXP 1 1.7x1012  2.0x1011  9.QxilQ 2-5x10 10  3.OxlOl0  2.5xil03-
2 *5xi.012  2.5x101 l 1  xl.0x01  3.0x1010  3.0x1010  2.5x1010

Sample A 3 1 x'112  4.0x101 l 1  l.x1011  3.0x1010 ' 4 5.xl0 10  3.0x1010
Control 1.3x102  2-5x109  l.5x109  5.Ox1O7  l.0x108  5.0yO 7

OF 1 1.0xJ.012  1.1ox102- 1.2x101' 2-5x1010  2.5x1010  2.5x10'0

2 2.0xi012  30ya1011  2.0x1011  6.OX].010  6.0x1010  5.5xl&-O
Sample A 3 *5x1Ql2  3 Ox1011  2.5xl0'1  6.0x1010  8.oxlO' 6.0x1010

Control l.0x1012  8.0x108  365x106  1.OxJ.07  2.0x!08  9.0x108

0-10 1 l.%J,012  3.5xl0'1  2.5x1011  6 OX1010  6.OxlOlo 5.OxiloD
2 1.3x1012  h,0x101' 3.0x1011  6.0x1010  8.xl" 7.0x10

Sample A 3 1.8x1012  6 0x1010  3 OxlOll .Oxa&- 0  -Qx1&- 0o 4.0x1010

Control 2.Ox1012  l.0x108  2.0x108  l.0x105  7.5xlo5 2.0x106

EXXXP 1 1.Ox,1O2  l.2x1011  2.O0X1011  4.Oxl&-0  30.OJflOl 3.5xl010

Sample A 3 l.OXl012  2.5x101 l 1 l7x1011 4 0xo10~ 3,$5QlO0 3c OX1010

+ Control 2.0x1012  3.0x109  7.0X108  5:0x,0 3-xO l.O~y1O7

2 2.0x1012  1-5X1012  4.Oxla11  l.8x10'1  l.3x10 11  7.0)x10 10
Sample C 3 2.GxlO'2  1.5xl0 12  4.OxlC)l 1  .8x1011  l.5xl6ll 7.0.x10 10

Control 2.2x1012  2.5xl09  2.0x109  l.5ya07  l.0x109  2.Ox108

G-01 3 Ox10 12  165x10 12  8.OxilO' 4.0ilOll 5.Ox1&-11  365xJ.Oil
2 *2.5xiol2  2.0x1012  R.OxolO I,.0X1011  t4.OxO1013 )ýoil

Sample C 3 2.5x10 12  2 5x10 1 2  8.0x1O1l 4:5xy-f10 5()OJj~ll L 0x1011
Control 3.0x1012  2:0il07  2.0x107  2 .Oxl&5 l.8xlo5 6. o xi9c

GF 1 6-5x1012  3.5xl0 12  6.0x1011  3.5xOll 3.0x1011  2.5xi011
2 3-5x1012  4aOxJ.O12  5 OxQQ11  3*QxlQ 11  1.5x10 11  1l.x101'

Sample C 3 3 Ox1012  2 0xl01 2  3.OxJ.011  1 5xl011  l.0x1011  8.0X1010
Control 3.0x1Q12  1:5xl07  2.2x108  3.0x105 3.0x107  3.0x10 6

XXXP 1 2.5xl10 2  3.0x,0 12  5.Oxcl011  3.0x1011  3.0x1011  2.Dxl&-1

2 2.5x1012  4.5j 2  .xlO " 12 6x10 11  3 xl 35x3.Qll 2.5xlOll
Sample C 3 2.5x1012  2.0~x1012  6.0x1011  3.OxlOll 3.0x101' 2-5x101 3,

Control 2 x101 2 9.ox107 7.0x10 7 4.oxl0.5 8.0x1,06 l.0X10 6



SPECIMEN x

Laminate
and Pattern Inns___ l~IgDain eistance. after- in_______
Sample No'. Number

___________ initial lot cycle 5th cycle 7th cycle 0th cycle jt y

0-U1 1 3-0x10 1 2  5 Ox,012  7.0x101 1  5.OxiOl1 4.5iOl1 3 5loll
2 3.0x101 2  5 0x10 12  3.0x101 l 1  5l.~x1O 1.5x031 O 1 l3x101 1

Sample C 3 3.0xl012 3.5x10612  4 Oxioll 1 l8xiol0 3,Ox±011  2.0x101 1

Control 3.OxlQ' 2  2.5x10.8 -, 4:0xl&7 l. xlO 6  l.lx107  1.2xJ.0 6

xxxP 1 .5xlol2  MAO1Q 2.0xl010  2.0x109  l.0x1010  8.OXl&9
25x 124.0.x109  l.5x10lo 2.0x109  -6.0x101 l 5 0x109

Sample D 3 .5x10 3-7x19 5~x,0 10 12. 1X109  9.0xlO9 7 Ox109

Control l.OxlQ' l40x07  fss then 104 9.0x10 4  3OlO h01

0-11 1 l.0x1012  4.5xlO9  l.8X1010  1.9X2109  R.0X109  7.0x].09
2 l.0x1012  4.5xlO9  l.8X1010  265x1O9  8.0x109  8.0x109

Sample D 3 *2.0~x1012  5.5xl09  2.0X10 10  3.0x10 9  l.OxlO' 0  1 OX0xl0~
Control 2.Ox1012  3.5x1O7  3.5x,07  4.0x1014  l~lx105 2.0x104

G-10 1 14.0x1011  .5lO l.8x1010  2.1X109  8.0x109  6.0x109

2 -5X1012  4.Ox109  2.2x1010  3.0x109  .:1x0100  9.0x109

Sample D 3 l.oxlO'2  4.5x109  2.0x1010  3.0x109  l.1x1010  8:0X109

Control l.0x10 1- 2  2-5x,07  h.0x107  l.0xl05 1.3.xd05 9.5x014

GF 1 .2x1012  5.0x10 9  1.5x1010  3.0x109  9.0x109  7.0x109
2 .2x1012  5.OXi09 1 5xlO 10  30OX109  7.0x109  7 Ox10 9

Sample D 3 .2x10'2  ý-5xlO9  1.5xl010  3.5x109  6.0xlO9 7.5xJ.09

Control .5xl0 12  4.7x,07  erratic 2.0xl04 2.OxlO4 2 .0x164

EXXXP 1 3.5x,012  701 9  2x1 0  480 9x109  8. OxlO9

2 2.0x101 2  6,Ox10 9  2.0x101 0  I xO 8.Ox109 6.COXl09
Sample D 3 2.OxlO1  5-5X109  l18X10 1 0  3.Sxl09 1 0XJ.0O 7.OxlO'

Control 2.Ox101  l.0il09  5.xl ~.0il0 7.0x10 3 .5x0

(erratic

G-10 1 2.0x1012  1-5x1010  30Ox1010  6.Oxl&9 1.1x1010  9.0Xl09
L2 1.5X1012  l.3x10 10  2 2x10' 6 Ox10 l.0x101  8 Oxlo'
Sample E 3 l.5x101 2  1 5xl01  2.0x101 0  5:5x109 9.0X10 9  80OX10 9

Control 1.5x,()12  1.3xl07  5-OXl0 7  5 X105 1.5x105 le~aky
(leaky) (leaky)

EXXXP 1 2.0x1012  1.5x]1010  2.1x1010  7.0x109  8.0X109  6.Oxl0 9

2 2.0xl.012  1.7xl03.0 2.5x1010  8.0X109  L.0X1010  7.0X109

Sample E 3 3.0xl .012  1-5x1010  2.OXlO'0  6 5x109  8.0x109  6.0x109
Control 3.0x1012 2.5x108 8.0x107 h.0xl05 3.5xlUj4 8:0ox1 14



and Pattern Insul__ ~ation Resistance. after ±ohars) ____

Sample No. Number1initial lat cycle 5th cycle 7th cycle 0th cynle lhh y

XXX? 1 2-5x,0 12  l.3x10~ 2 lXlO' 0  8.0x10 9  L.X0x10 0  90.O10 9

2 2.OxlO 12 1.30 10  9.2x10l0  8.Ox109  1.0X1010 9 0x1091 Sample E 3 lx01 .01x10 10  I 5x1010  ¶5.0il09  8.0x109  6.0x109

Control 1.5xlO 12  II.0x107  es; thenI0L 9:0x103  7.0,-103  5 .0xl03

G-11 1 20il,012  1. xy2.010 t2.5xl0 10  9.Ox]0 9  l.lxl0l 0  l.llO
2 2.0x1012  90Ox1090  1.5x10 10  5.ý0 9.0X109  5 xO

SapeE2.5xlO 12 12x10 2.CUxlO 10 7 . X109  1.0x1010  90Ox1010

*Control l.0x10 1  5:Oxl07  essthelO 2.x; xO5. OA

GF1 .1.5xl012  2.5xil0O 2.5x1010  7.0x109  9.07x10 9  1.5x!l01
GF2 1.5x,012  1 5xl0"0  1.8X1010  6.0x109  l/.OxlQ' l.0X1010

SapeEl..X'02 17x101'3  2.oxOx6.o01 < 0  6.OxlO 12Al010

Control 1.X023-x0 .o ao D.0xlolt  13yl

G-10 1 1-5X10 12  3 O-010l 3-5x1011  2.0,x1011  2.OxlC'2- !h.OxlOll12 1.0k,012  l.8x1011  2.0x101 l 1  I.(XT0 11  1Ol.0x1*0X1 ol
Sample F 3 .5x,0!2  1l.x1011  1 5xl011  9:0X1010  8.0x1010  2 .C>:1011

IControl l.0x101 2  8.0yiO7  2:0y,07 2 .0x0 6  2.0)110 6  :i5'i10

GF 1 l.0x1012  l.3x1011  l.8x10-'- l.Ox101ll 1 l.0x1011  3.OXlO11

2 1-5x,012  2.0x101 1  2-5x10 1 1  l.5x101 l 1  5l.~ l01  3.0x101 1

Sample F 3 .13x,0 1 2  2.5xil0 2.8x101 ' i-xl1 l.5x10'l 3.0xl011
Control .9X1012  3.0x10 7  'Less ihen 104 1.x6 l.ox104 3:oxlO4

I XXX? 1 .8xJ.012  l.3x1011  l.Oxl&-1  5.0x1Ol 5.y10  1.0xiol0l.Ol1

2 .6x1012  1-5x1011 l.2x1&-' h.OxlOl0  3.0x1010  6.0x102-0

Sample F 3 .5xl0'2  1 5xl01 1  l.OxlOll h.5xl02-0  3.0x1010  5 il101

Control *1xl0l2  7.0xl0 7  less thef~ 61,0 5--l

G-11 1 .01X1012  Q.xO1  l'.~l 901 1  .x~u lOl 1

2 9.9x101 l 1 l.3x10'l 1 l.PIx101-1  l.0x1011  9.3)x10 10  l.3x1011
Sample F 3 K5xll'1  l.1x101' 1.2XlO"1 8 0x1010  6.oyl1lfl 8 o-jo101

1Control 9.0X1011  7.0x107  less it1he o 9:0x103  2.Oxl64 1  
2:0;i04

EXXXD 1 9.OXIL011  5.oxloll 7.0x1010  5-0-,i(010  3 ")Y1010  2.0x1010
2 9A5xlo1 l 1  .l.lxli~ 1.5x10 11  9.OxlOl0  6.0x1010O 3.0X1010

S3amtple F 3 fi.0x1011  l.x1 2l l .13x1011  Q 0Xi010  5-0):1 1 0  3:0,2010

Control %.oxill 5.oxl07  less then l0o4 K0ox0o 6.ox104  1.4xl0h

dy'v/1II I'



SPECIMEN X

Laminate
and Pattern ________ ~ j ion Resistane afe ohmsa). -

Sample___ No. _Number initial lot cycle 5th cycle 7th cycle 10th cycle hh1

G-10 1 3.5xlol2  7.5xl0 9  1.5x10 10  1.5xl09  l.5xl 0~ 2.Oxl&9
2 3.0x101 2  8.ýX109  1-4XlO 10  2.0x10 9  l.0Xl010 2.5x109

Sample G 3 3.Ox1O02  lbc10ol 5l:Ox1 0  2 2x109  2.0x101 0  3 0x109

Control 30Ox10L2 3.5l0 1.x0 4,x~ .xO :6x104

EXXXP 1 3.0X10 1 2  9.OxilO 8 5xl09  1 .3x10 9  81.0X10 9  2 OxJ.09

2 3.0x101 2  7.0x109  7-5x109  1 2xl09  16 OX10 9  1 7xlO9
Sample G 3 4-5x,012  5.0x109  4 5xlo 9  4LOx10 8  , 50xlO9  7 0x10 8

Control h.0x101 2  erratic 4.Ox10 2  l:5xl05 2 .0x106  5 .O.105

G-11 1 J4 .ox:10 12  8.0X10 9  9.0,X109 l.1X102 2.0x101 0  4.0x109

2 4 OXIO12  4.8xcl0 9  9 0X10 9  l.0x109  2-5x10 1 0  4.0X10 9

Sample G 3 3:5k,012  l.0X101 0  1.5xl0lo 1 5xl0)9  165x101 0  L 0x109

Control L&.0xl0L2  2.0x107  3.oxio5 3.ox04l1  5-Ox164 5 .oxl04

XXX? 1 66x1012  9.0x0 1.5xl01  2.0x109  l5X21010  5 OX.0 9
2 5.0xlQ612  -7 X109  1.11xlO 10  1.5x10 9  161 0 5ý.Eo ):xl09

Sample G 3 5-5xl01  A3.0xl09  l.3x1 10  l1X109  2:0-110  5 5x10 9

Control 4.5xl0' 1.x0 5.OxlO6  .015: 5. 0 10  11:0,-10

GF 1 5 .5x,) 1 2  8 5x10 9  7.5xlO9  1 0X109  l.1x10 10  L.Qr).10 9

2 ih xlo 1 2  90OxJ0 9  7.0x10 9  l.5xl09  6.OxlO 9  3.0x10 9

Sample Gr 3 3.CxlOl2  3.0x-10 9  5.OYJ.O9  1 0x109  2.1x109  i~-10
Control 5-5x101 2  7.6x107  

7.oo1ah 6.010 L~ao

XXXi' 1 5.0x,0 1 2  5 0xlO5  7.5x109 0 3 5xJ08  7.0x1010  3.0x109
2 4-5x1012  9.0X109  1.8x1010  1 0x109  5 0x1010  4h5x10 9

Sample H 3 .14.0x1012  8.0X10 9  9.0x109  5:0xl0o8  6.0x1010  4.5xl09
Control - -- --

G-10 1 5.5xl01 2  .O1 lO0i l.0x101' 3.5x' 9 2.OxlO1' 2.$x1010

2 2.5xlol2  7.OxlC) 1.5xl0'10  3.Oxlop 3.5)x1011  r.oxJ09

Sample P 3 3.0x1012  )ý.nylO0 4.5x10 10  1 2x109  3.0x1011  I~ 5x1Ol
Control. h.Cx1012  1.1x107  I .5 105 .:~~ 1:8y:15 7 :O'Yl04

EKXXXP 1 4.Oxl&-2  4 0X1-08 3.OxlOl0  l.0xl09  1.5x1Oll 5.(x3O9
2 4.0x101 2  2.0,x10 5  2.0y:109  1.0x108  6.0)x101 0  l.0x10 9

Saimple H 3 3.0x10)1 2  2.0xlD8  2.5xl0O? l.5xl08  3.0x1010o 1.0x109

Control L.OX10 1- 2  2.5xl07  11.Oxl0, 3.flxlo5 3.oxl05 l.flxl01

OF 1 L.¶5xl0 1 2  3.5xl0 8 1.OX1O' 0  h4x0.R.xlO a 8 '00  4.0x10 9

SapeH 2 14.Oxl0 5 OxlO .0X110 0  ; .OxlO" FR.Ox10 1  5.Ox109

SapeH 3 3.')'xlO 12 7:01-2OxlO ) O10 0  
C) OxlOp 1.5xlO"l 1.0-1010

Control 1h.x10 1 2  3-5x1o 7  1Ol.01 6  5OlO 9 .(),-l10

- ~ ~ ~ ~ ~ O x___ _ - _ __ _



SP!CIME x__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Laminate 
oraand Pattern _________ *j sulation Resistance. after nozs) _____

S a m p l e ~~~~~~ 
~~ ~ , j ai nnt 

a e y l t y l t y l t y l

j Sample Ho 3ube init al l at cycle6  5h. cycle 7th10 cy le 1 1 2 1cycl

C-1ntr1l II.oxl1O 2  1 oxl0 78 9.0x109 1.8X108 .OhO 1. I0

2 4.Ox1O 1 2  2.OxlO 8 6.5x109 1.)1 0  8 .OxlO'0  140 1 .20 .0911' Smpe 3 .~J. 1 1 8.x1- 9.x11  2 ~xa 0 ~ 0 1 0  3 9x11

Cotrl .OxJO 1 2  2.x0 .xU :xl0o 3.10 0oi

2 3. xJ. 12  .1x 011  .~x 011 7.m10 10  2 xl10 .~ d l

Sample H 3 4 0x"10 12  5 0xl&-7 1 4 6Ox10 5 2 .x1014 1 3xl0 14 2 0x141Control 3.5x1O 2 l.xlOR l.oxlO 7  12.0x106  5.oxl08  5.3x10

I G-1 1 6.xl 1  1.0x1Oll 9.0x-10 10 3.xlO11  )4.xl101  0Yal
2 3.0x10l2 7.0x1011  6.0X1010 2.0,x 10 1  h.ox101  2.0x1011

Sample 1 3 4.5x0 1  5.oxio1-1  6.0x1011  2.5xlOl1  5.Ox10 11  3.Sxl&1
Control 52.-x1O12  2.0x107 3.x01  7x5 .0xl0) 3.0x1 1 ,0:11

G-1 1X?2 3.5xJ.0l? 245xi10± 2l-3l~ L -0 A~O 1() 30x101  1 3.Xi0±C
2 3.Bx,0 1 2  .l.xl&-l 2  .5x10 1 1  7.0"J10 10  2.0x1O01 2'6x10 1 0

Samnple 1I 3 o.x,0 12  5.Lxil0 Jll~ 6.0x 1010ý5Y~l 8OX.10 11 2*QyiQlCgControl 3.5x.10 12  26x0)ao l.C):'07 (.0:l06 1:5X108 3.0-x107

GF1 1 4.OxlO 12  5rnOxL 2l 5.Oxi011  26xol -x1011 e.O1O' atl'.c
2 h.7x10 2 O'0: 2 7.0xl 01 16Oxl 2.5xlOll ~ 4 .oxila 2.5x101 1

Saxnple 1 3 li.oxl01 2  3.0x101 2  6.oxlY)'1  5l.x101  2.5xl0ii 1~ 2.xlO lI ~Control 2.5l 8xl01 2  3.1xl107  7eshn0 OA0'10 0.x0~ .~

G11 1 3.C5xl01'- 2 2 L h.ý,Jl .OX-1010

2 34.yOx102  I 5x,012  1 .0xIoll 6.oxlOl' 8rOxlOiU 2.5x1010
Sample 1A 3 ý.OX-L0 1 2  1.Oxlo! 2  .010 1 1Yol 6.ox1O' 1  8.0X10 1 1o 3. "), o-,

C Co nt roI 45.x10 1 2  2.5xiOE' 2 .flx:0 10 .0 -.10  1.RX10 8  3.r)x10l7

GF 1 4. 401  h.0101  P.OXl01 1  25.-doll 4 OX10 4L -lxoll
2 4.7x101 2  4: 5OxO12  F.0X101' 6.0x101 1  6.0ox10 1' 25.Cx101

Sample AA 3 11.8x,0 12  3.OxlO'2  5.OxlO)1l 1.8-,10 11  6.xl0)' 2.Oxlf0l
Control lielO' l.510 then104 x0 l _xO4 ix0 5

I G-11 1 5.Ox101  1.5Xl012  3.l~lx10'1  .xlO'o 1  .O-Xlo 11  lý.Loxl(A
2 6.rx,012  3.0x10 12  t:ox10'1  ý.ixlo' 53 ()x101  2h.0x10 11

Sample AA 3 6.5xlol 2  (.0x10(12  )ý.OxlO' 50x0 1 0.xlý 3. 2101

Control 6.0x10 2  lOlO OxO 5.x0 18l.01 6  9.xO

GF1 45,1 xIý .X~l 1 -ol 5OI" 4Oll



SPECIMEN X__________________________________

* Laminate
and Pattern _____ InsulaionResstance. after nohms)

* Sample No. Number
________ _______ initial lit cycle 5th cycle 7th cycle 0th cycle hh,

EXXXP 1 5.8x,0 1 2  2-5x:1O12  30Oxfl1 1  8.0x1032 0  1 5x1011. Oxl~1 0

26.0x1012  3-5xlOl 2  3.0x101 1  l.0x101 1  1:i.2x1O- 1  5.0x-1O01
Sample AA 3 5-8xO 12  4 5x10 12  4.5x1'Oll 2.5xlOll 2 040l11  7.0x102-0

Contvol 6.0x101 2  8.OxlO7  2. OxlQ08  l.oxlo5 1.2xlo5 1.6x1Q5

XXXP 1 6.2x,0 1 2  3.5xlOl 2  3-5xl8 l.OXlO 8  1.0x10 8  50Oxj0 7

2 6.5x1O)12  30Ox]0 1 2  2.2x101 1  1.x101 1  2.Ox10ll 8.0xI101
Sample Ak 3 6.0x101 2  4 0x10 1 2  2.5xlOll l.5xlOll 1.1xlOl F~.Ox1O0- 0

Control 5.5xll2 1.2x!0 7  less thanil 1 l .2x10 3  1.3xl03  l.5xlO3

OF 1 9.9x,012  3 Oxi&- 2  3.0il01 l 1 -5.x101 1  2.0x101 l 1  .0x1011

2 5-xll 4.5x1Ol2  4 0x1011  2.0x1011  2.Ox.101  1 l.5xilO1
Sample BB 3 6.0x10 1 2  h Oxio' 2  3.5xJ.0 11  2.07O 201011  l.27lOll .xO

Control 5-5XlO312  7.Ox.O8 1 5xlO9  L.Ox1O8 2.0x10 9  L.0x10 8

G-11 1 7.oxl&- 2  1.5x1Ol 3  8.Ox 1 35xlOll 4.x11  LOx1Ol- 1  -5 dll'j1

2 6.0x10 1 2  1.5xlO 1 3  9xl' .10 5.0l 1  2.x1 1

Sample BB, 3 6.01 1  l.5xlO 4 b.xi,01' 2.5x1Oll 3.0x10ll 1  : l.:;Xlol
Cont ol 6.0 1  7.OxJO1 0  1.0x10 9  h.x,0 7  -.xO .mo

XXX? 1 6.0x10 1 2  7.5x1Ol 2  665xll 3:101 1 4.xO .Ox1011  2.OxlQ'1

2 6.6xlo 2  9.OxlO 2  7.0xl01  2610 1  x1Ol1  2 -,10l
Sample BB 3 6.5x1O1  6.0x10 1 2  5.OxlOll 2 5x-10 1 1  3.0xl01 1  i~ 1:

Contiol 6.0x101 2  P.$xl1O~- 9.0X10 9  
1 :5Yio8 h.0x10 8  2.0'x10 8

EXXXP 1 6.x0x1 6 2  5.Ox1O 1 2  4.oxl010  2.C'x10 9  5.OX1O10 1.5x10 1 0

2 55ll2h4.(x,0 1 2  2.0x101 1  9.OxlO' 0  6 OxJ.0 1 0  2 OXlO01

Sample BB 3 6.x5 1 5*rx,01 2  2.2xl 10 1  0 C.5xO-O:Ox1Ol-O D1 0x0-

G-10 1 7.2x,012  l.X0x103 R-5x10" 3 C-1011  6.ax101 Ol Oi12 1.x11  I.X101 3  7.0Ox10 1 1  40HOlO1  5 f)x1Oll1  3.0x109

Oample BB 3 6.rx~ 2  1Cx0- 8 OxlO" 5 Ox1Oll 6.ClO a - x
- - ~Control 6.Ol' l.10 7  l3x10 8  15.xiO6

G-11 L 6.0xl10 1 2  165xl12 770xio 1 6.OxlO 11  6.oxio 11  4.0xlo11
2.x1 1 l.OxlO 1 O ' 2  6.5xil0 3 Oxlo 11  L4.Ox1o1  2. 5x10 1

Sample CC 3 14.0X1-01  l.OxlO' 7.OxlO1  3 0x101  4 OX10xl' 2 5x1011

Control 11.0x10 1  5.Oxio7  lossthenl0 1- l2x105 1 x

G-10 1 4.0x10 1l 2  1-5x10 1 2  '.(x!Oll 3-5xl'~ .x101 1  2.5x101 1

2 jh.0x10 1 2  l.3x10l 2  5.OxilO" li.0x10 1  5.0):l01 1  1.5xi01 1

Sample CC 3 4-5x10 1 2  l.5xl0' 2  5.5xiOll 3.0x10 1 '1 4.0x101 1  2.0OxIO"1
Control 5.Oxl0'2 5.0XlO'0 3.0'x10l.0l8 2.0x109 3.0x107O"



SPECIMEN __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I Laminate
and Pattern _____ Insula.tion Resistance. after in ohmsa) ______

Sapl No.____ Number__ initial 1st cycle 5th cycle 7th cycle 10th cycle 1th C=16

GF 1 k5x).Ol2  l.1xl01 2  6.OxlOll 4.0x101 l !4.Oxl0ll 2.5x101'
12 6.x1012  2.0x,012  5.0xl011  1-5x1011  1 3xlOll 8 0X1010

~, Sample CC 3 6.5xl01 2  1 0x1012  :5x01 2~l 11 3~l 1  .xl0 11

Control 6.0x1012  2.0x107  l.0x107  5.0x106  l.0x107  l.LpclO6

1 XJOCP 1 6.0x1012  2.0x1011  )..r-xlOl 1  8.OxlOl0  l.0x1011  14.0xl010
12 5.2xl1O 12  3.0'x1011  l3x1011  8.0X1010  1 0x1011  g.0Xl010
Sample CC 6.5x:10 2  6.Ox101 l 2.OxlOll 1.OxlOll 1.5x1011  8.x1010

I _____Control 6.0x1012  7.ox107  13-0X108  5-0xJ. 6  5-6xl65 3 .oxl0

EXXP 1 6.2x1012  3.0x1011  2 5XlO11  l.0xl011  l.ýxl011  4pOx1010
2 6-5x101 2  6 0x101 1  2.,Oxl&-1  8 0x101 0  1-6x1011  3 5x101 0

1 Sample CC 3 6-5x101 2  5 0x101 1  2 ..Ox10 1 1  1.0X10 1 1  l.0xl01 1  !4:0yl101
WControl 6-3X1012 Ll:0x1 08  Le H1 ,than 3.5xlo5 6.ox10o3  [4.0x1o4

G -10 1 R.0x1012  6.Ox1011  5.flxloll Iý.oxl0 11  3-5x10 11  2.5xl011
*2 8.0x1012  5.0xl01' 3.Ox1011  l.8x101 1  2 0x10 1 1  l.5x10 1 1

Sample GG 3 8.0x:1012  ý.0xlOll ]h.OxlOll 2 5xl011  2:5x1011  l.5x1011
Control 7.0x101 2  8.0x107  less than 1:5x,06  2.0x101 4 ih.oxio4

S GF 1 8~.0x,0 1 2  7.OxlQ1" 2.Six1Oll 1.5xl01 1  l.0x101 1  7.0x101 0

*2 B3.0xl01 2  l.),x10'j 3.0x101 1  2.(ixl0" 1.5x10 1 1  9.0x10 1 0

Sample 00 3 8.x0 1  .0x101  2 6x10ll 1  .8x,101" l.1x101. 7.0x1010
Control 9.0x10 1 2  3.5x10 7  1 eJ 4 than l.3x103  6.oxl6h

G-11 1 7,5X1012 1lx101 2  6.0x,0 1 2  4.0X10 11  4-Ox10 1 1  2.0xl01 1

2 7-0x,0 1 2  8.0x101 2  O0X10 1 1  2.5xl011  3.5x1Q11  1.0x101 l
I SwnpleGG 3 7.5x:101 2  l.1x1012  4.0X1011 12:5xiOll 2.5x1011  1 5xl01 1
*Control 8.0x,01 2  l.2x107  11. 5xlO8  4 5xlo5  $.0X106  12.4x165

SEXXXP 1 8.0x,012 L4.OxlOll 1 l.x1011  6.0x1010  2-5x1010  1 0x1010
12 7-5x1012  7.0x1011  165x10 11  8.0x1010  4.0X1010  1-5xl101
Sample GO 3 6.x11  6.xl0l1  1.6x1011  l.0x1011  5.0x1010  1-8x1010

Control 7.0x1012  l.6x107  1ej85than 1.5xlo5 2 .0ox1 5  2:0x107

XXP1 8.0x10)12 3.0x1011  l.c'~X1o1l *0X10 11  l.0x1011  6 0x1010
2 8.cjxlO1 2  7 ý,xlO 1l 4 .0xlOll 2.5xlOll 2.0x101 l 1  *5x1l1l1 Saple O 3 9.0x,012  r,.5x1O11  4Wxl~ 2 8xO 1  201 1 3xl011

IControl F'.E5xlOl2 3.0.xl0 7  16 . x0 l:oxlO6 2.6xlo5 l:6xlo5

OF 1 8.OXlO'2  8.0xl~10 1' .0)X10 1  2."xlO11  l.5x1011  8 0x1010
Sml HH 2 8.0X1012  60OX10 11 2 ?. o 1 .xlO x0 11  i1oxiof 115Ol01

3 .01 12  8r),0l 11  3x11' 1Ox 1l 11 11l

_____Control 8.0X1012  l:3xl09  6.0x109  5:Ox,07  9.0x107  l.0 x0 7

XXX? 1 8.0x1012  6.Oxl01 l 1 l8x1011  R.Oxl&-0  1p.Ox1010  2.Ox1010
2 8.r~xlol2  6.0xol1 fxol7OxlOl' 3~xl1  *010 10 3.x0 5~rxlOlO

1 Sample HH 3 86ýx,10 2  6.Q,,xOll l.5x1011 .0Oxl0 1 0  3.OxlOl :xlC
IControl 9.0x,012  3.(0xl07  less than 3.oxi'4- erratic 2.7x164

101h



Lamnd t Pattern ______ Insula't~ion Resistance. after in ohms)

- Sample No. Number
_____________ initial lit cycle 5th cycle 7th cycle 10th cycle 1iahth wvo

1 9.0x-10 12  l.OxlO'2  5 x:10 1 1  3.0x1011  3.0x1011  1.2x10'1
- XXXP 2 8-5Xl012  2.01 2  6.OxlOl2'OX01 13.0xi01  3-0X1011 11 5Xl011

3 9.5x101 2  2.0x10 12  60OX1011  3.0x1011  3.OxlO" 1:5XlO11
- Sample Control 5.0xl012  2.8x107  lej~than 3.oxlOt4 l'.oxlo4I 9qr.xlo4.

1 G-10 1 7-5x1O12  1.5x1012 9.011 .0x1 01' 6.OxlOll 6O11 3.OxlO11
2 4oSxlol2 1 0x,012  8.OxlOll 51.OXioll 5.OX1011 3-0x1011

Sample 3B 5.x1' OxlOll 6.Oll 2 Ox1011  2 5xl011  1.$x1011

1 ______Control ý5-211 5.x:7 .xl0 8  1x0 5  leaky I.x0

G-11l 5.2xl0I2  l.lxl012  1.0xO 1 2  4-.5X10 11  6.0Ox10 11  3.Oxl0l1
2 4-.5x1012 l*1110 i 1.Oxl()12  5.0x1011  6.011011 2.r11j Sample HH 3 5.ixiOl2 1l.5x10 12  1,2xl0o- 2  6.0xl0'1  6.0x1l1l 3:0x1011

Conro 5Oxl~ 2 9.x107  lebthan 1. 3x105  6.6x164 7o5xl04

1 GF 1 5.oiOX12 3o0x1012  8 0X1011  4.0x1011  4.OxlOll 3.01.1011
2 5.5x1012  9.0x1011  7.0x1011  5 0x1011  4 .0xlOll 2.011011

Samle11 3 5..5A10 1 2  2.5x101 2  9 .Ox10 1 1  6.0xl01 1  5to11oll 3.0x101 1
Spl IControl 5.oxl01 2  ý,xO err~atic o'., ~1 O,, 1,2x104  2,.Dxlo4-

G-10 1 6oOXl0l2 1.3x101 2  q,0xl011  'O.X10 11  1..0oxilO 2611011l
1 2 ~9.9xl012 1ý,0xl0 12  7.-0L701 1  b.x0 1 401 1

j Sample 11 3 5.Oxil2l 1. 8x101" 7.0x1011  5,0x1011  365x10 1  2.0x1011
Control Lj..x1012  1:5X108 2,0x108  8.xo 2.5x165  1. 5x165

XXP1 5,0xl0 1 2 3.5xx10 1  .1x1011  5.0x1010  5.0x1010 7.011I2 5.0xlOl2  p OxlO12  1 r.l01" 80ýx10l 1.0x1011  4.5xl0 10

Sample 11 3 5.0x101 2  7,011011 1.611011 :6-6x101 5.0x1010  20OX1010

IControl 5.0x101 2  A.0x107  1eJgi4than 7.Oxl04 l.ox10o-I 4:oxlo4

EXXXP 1 6.Oll .0x1012 4xl]l .5x1011  5.ox1010  i.Cixiol1 1.8x101 3
12 5-5x1j0 1 2  8.Oxl&-1  jecxi011  5.0X1010 1.0x1011  l.5xI101

S Sample 11 3 6o0xý1012  6.0x1011  2.0'x10 11  q.ýxlOlo 1.5x101l 2.5x1010
Control 6.0x101 2  4.0x107 2.0x108  i.,ixlo7 1.0x10 7  5.0xl06

11 6.0x1012  1.0x1012  8 0x1011  6,0x1011  l.2x101 2  )4,0xl011
G-11 2 6.2x1012  l.0x1012  l.0x1012  7.012.011 1.5x1012  14.0x1011

3 6.2x.1012 9.0x101' 10Ox1012  5.0x10 11  1.3x10 12 14 OxlOll
Sample IIControl 6.Oxl&-2  5.0x107  le s'),'han 2.0xl0 4  1.6A604 5.0xl064-

G-10 1 8.0X1012  2 0xl01 2  ýIOx1Oll j. 0x1011  7.OxlQl1  3 0xO1

1.. Samle GE 2 1~..0xl 12 1 xi 12  701 11  35111 6. 110 ~l 1
SmlGE 3 5.01101 105x101  6.0x101  25Xo10 13.5x1011 L7 61011

_____Control 6.011012 1:011,012 3-OX1011 :,5x1011 4.01101 .011011

I OF 1 6.0xl01 2  7-OXlO" ?.5xlO 2010 3.-0 9.i6
GF2 5.Ox1012  ?.0xl01 2 8.0x101 l .OX1011  R3.Oxl011 2 .5x1011

6.x0x102  ?0x 101 1 1. "xl011  X0x10~ 11. axl011 [.0101
Sample GE Contro' 6.0x1012  6.xl07  2.0108 .0l~ 151 7  5O

L ~ ~~~~ 6: 2. TIX0 Ixl 5-0.



SPECIMEN ______________________________________

Laminate
and Pattern ______ Insulation Resistaxice. after in ohrug)
Sample No. Namber

______initial 1st cycle 5th cycle 7th cycle 0th cycle

G-11 1 6.OxO12  [- .. 0xlO2  9.0xl011  6.0x1011  l.OX1012  30il1011
2 6.0x1012  3-0x10 12  9 0x1011  6.0xl01' 8.'x1011 12.5xl011

Sample 0H 3 8.0X1012  3- X0~1O2 9.0xl011  6.071011  7 0xl011  2.ill
_____Control 1i.0x1012 5-OX109 2.0xl07 l.ox165 5:6xl64 3-OX1C)4
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